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ABSTRACT 
The Kaapsehoop Cycad (Encephalartos laevifolius Stapf and Burtt 
Davy) has the international, national, and provincial status of 
"endangered" by virtue of a number of factors which threaten it 
with extinction. It occurs in only three disjunct populations in 
southern Africa, of which two are very small and have only adult 
plants. This situation suggested the need for specific action to 
ensure the conservation of the plant within its natural habitat. 
This study was initiated in an attempt to respond to this call 
for action. The aims of the study were set at gaining an 
understanding of the ecology of the cycad, establishing the exact 
nature and extent of the factors threatening it with extinction, 
and presenting management guidelines as to how the plant and its 
habitat may be managed to ensure their conservation. 
Chapter One includes a background to the botanical significance 
of cycads in general, the reasons for the endangered status of 
E. laevifolius and a list of aims and objectives. The latter are 
briefly; to develop. an understanding of the ecology of this 
cycad, determine the nature and extent of the threats which have 
placed it in the ''endangered" category, and establish means of 
managing the plants and their habitat so as to mitigate these 
threats . The methodology followed to achieve the latter is 
presented in Chapter Two. The results achieved from work carried 
out by the author are presented In Chapter Three, and they are 
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then discussed in Chapter Four, together with those obtained from 
other researchers and experts in the field of cycad ecology and 
management. From this it becomes apparent that the major factor 
threatening the plants continued existence in nature, is its 
illegal removal by unscrupulous collectors. The use of fire as a 
management tool may cause the loss of sexually propagated 
off-spring if not based on ecological principals~ This would be 
tragic as the percentage of fertile seed being produced at 
present is extremely low. Besides the latter two abiotic 
threats, there are two biotic threats which are also .cause for 
concern. They are the rotting of the female cones and seed by a 
pathogenic infection, and the destruction of newly growing tissue 
by the caterpillars of the Leopard Moth. The insights gained 
from the study are drawn together as conclusions in Chapter 
Five. Where these indicate specific management measures or 
directions for further research, recommendations are made. 
It must be emphasized that although this study has been used for 
the enhancement of the author's academic qualification, it is 
vitally important that the recommendations made be seriously 
reviewed by those responsible for the conservation of this 
cycad. If this study is simply put on the shelf after it has 
achieved its academic goal, the possibility of E. laevifolius 
becoming extinct is very real. 
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1 . I.N..IR.Q_QY..G..IlQ.!~t 
South Africa is host to two of the genera which belong to the 
order Cycadales, Encephalartos and S'tangeria. These are a group 
of plants commonly known as cycads. The genus Encephalart"os is 
one of eight genera in the family Zamiaceae and the monotypic 
genus S't"angeria is of the family Stangeriaceae. Encephalartos 
laevi-folius Stapf and Burtt Pavy is one of the 32 species of this 
genus that occur in South Africa. 
It is believed that cycads are the most primitive seed bearing 
plants known (Giddy, 1984). They apparently flourished during 
the Mesozoic period, from approximately 200 million years ago, 
and have changed little in their basic character. Giddy (1984) 
suggests that they could be described as the Coelacanths of the 
plant world. Sporne (1965) states that the Cycadales first 
appeared in the Upper Triassic times and are the only group out 
of all the Cycadopsida to have survived until the present day. 
Although the South African cycads are restricted in distribution 
mainly to the eastern half of the country, they occur in a 
variety of habitats (Kluge, 1981). Encephalart"os ghcdlinckii is 
found on the cool slopes of the Natal Drakensberg, E. Ferox in 
the humid coastal fores ts of Zulu land, and IE. lehmanni i in the 
dry and rocky areas of the Little Karoo (Giddy, 1984). 
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During initial investigations the author established that 
Encephalartos laev1 .. folius has a very restricted distribution and 
is found in three disjunct populations in the mountains of the 
eastern Transvaal and Swaziland. The .largest of these 
populations is found in the Kaapsehoop mountains to the west of 
Nelspruit, hence the common name, "The Kaapsehoop Cycad". This 
population is divided into three sub-populations with individual 
plants occurring at intervals between them. This would perhaps 
suggest that this population covered a larger area in the past 
(Kluge, pers comm.) 
The other two populations are considerably smaller than the 
Kaapsehoop population and are found in the Mariepskop mountains 
above the Blydepoort dam, and in the mountains south of Piggs 
Peak on the Malolotja Nature Reserve in Swaziland. Figure 1 is a 
map which depicts the approximate localities of these three 
populations. It is unfortunate that the exact localities can not 
be divulged. The demand placed on these plants by unscrupulous 






LEGEND: xl - The Mariepskop population 
x2 - The Kaapsehoop population 
x3 - The Swaziland Population 
Figure 1. A map of Southern Africa depicting the approximate 
localities of the E. laevif'olius populations 
in the Transvaal and Swaziland. 
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The size of the E .. laevi-folius populations is rapidly · 
diminishing, hence the international, national, and provincial 
conservation status "endangered" (Hall, et al, 1980; Gilbert, 
1984). Gilbert (1984) states that many cycad habitats have been 
converted to human use, so that the distribution of many 
populations is now limited to small isolated areas such as 
mountainsides and gorges, rocky terrain, dense jungle or arid 
savannas - land that cannot be cultivated or is otherwise 
inhospitable to humans. This is definitely the case with most of 
the South African cycads. 
At the risk of being philosophical, it is necessary to enlarge on 
the significance of the status into which E:.". laevi-fol ius has been 
categorized. The public, who are generally uninformed with 
regard to biological and ecological matters, have recently been 
made aware of, and are responding to the plight of the black 
rhino. Large companies are donating massive sums of money to 
"save the rhino", and there are probably few South Africans that 
have not made their own personal donations. All this is very 
laudable, but the lack of awareness as to the plight of 
threatened plants, and.jn particular, cycads, ··is. disheartening .. 
t • c ~ .. , • ' f ..J' 
The role that plantst·play in any ecosystem:is,~xt~emely 
important, and although many involved in the conservation of 
endangered mammals may energetically debate the issue, it is 
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probably more important .than that of the mammals. However, the 
real issue is that money, time and energy is being concentrated 
on a few obviously important species, whereas others such as 
E. lal!f:'Vi'folius, which is far more endangered, are not receiving 
the attention they should. Raven ex Thomas (1987) recalls a 
remark by Aldo Leopold, "the first rule in intelligent tinkering 
is to save all the cogs and wheels. If we ignore the individual 
importance of a species, we may consider it dispensable and 
ignore it to act on demands of the moment. We could lose the 
cogs and wheels which might prove to be of greater importance to 
our descendants.". 
Hall, et al (1980) define the term "endangered", according to the 
standards of the International Union for the Conservation of 
Nature and Natural Resources (I.U.C.N.), as follows: "In 
immediate danger of extinction if the causal factors continue 
operating. Included are taxa whose populations are so critically 
reduced, that a breeding collapse due to a lack of genetic 
diversity becomes possible, whether or not they are threatened by 
human activity.". 
A census of the E. laevi'folius populations revealed that they are 
alarmingly small and disjunct (see Table 1 and section 3.1.). 
Solbrig (1980) states, "to avoid extinction, populations must 
maintain the ability to generate new genetic combinations or 
otherwise they must be able to migrate and successfully establish 
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in a new territory.". It is essential that those involved in the 
conservation of endangered plants and small populations, be aware 
of this and manage to mitigate the genetical implications. 
Disjunct populations are genetically isolated and their 
evolutionary future is dependent on the size of their gene pool 
(Roberts, 1976). If it should happen that none of the 
individuals, in a small population, which carry a particular 
gene, reproduce successfully, it could lead to a total loss of 
that gene. This is known as genetic drift and it will generally 
increase in significance as the population size decreases 
(Roberts, 1976). Wilcox and Murphy (1985) state that habitat 
fragmentation negatively affects population survival and thus 
biological diversity, and therefore, should be a prime 
consideration in conservation strategy. This reflects Frankel 
(1970), who discusses the importance of genetic variation for the 
adaptability and long-term stability of ecosystems. 
The above perhaps suggests the need for habitat conservation as 
opposed to species conservation. Although this is debatable, 
both have their merits. On discussing this issue, Thompson 
(1975) states that individuals introduce the genetic variability 
on which depends the communities resilience to changing 
circumstances and to natural or man-imposed hazards of their 
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environment. He continues to say that this genetic heterogeneity 
represents a resource that is of vital significance in the 
maintenance of natural communities. 
A final thought on the genetic implications of small populations 
of endangered species; the amount and distribution of genetic 
diversity has important implications for species conservation 
(Ledig, 1987). This is in species of both high levels of 
diversity as well as genetically depauperate species. An 
inbreeding depression in the former could be a major problem if 
the populations are drastically reduced in size. Although the 
latter can be managed in small populations, they are at greater 
risk. New stresses, such as insects or disease pests or 
environmental pollution can quickly decimate genetically uniform 
populations (Ledig, 1987). The actual genetic status of the 
E. laevirolius populations is not known, but they all face the 
stresses mentioned here. 
Al though the present populations of E. laevirolius are relatively 
safe with regard to habitat destruction through activities such 
as agriculture and forestry, there are other threats which 
exist. Habitat mismanagement in terms of the injudicious use of 
fire as a management tool could be detrimental to successful 
sexual propagation. An annual or bi-annual burning frequency can 
destroy seedlings before they have a chance to establish 
themselves sufficiently to survive fire. Cycads have become 
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status symbols and according to South Africa's cycad artist 
Douglas Goode, they could be referred to as the "rhino's horn" of 
the plant kingdom ( Potgiete r and Cresswell, 1989). Encephalartos 
laevifolius is no exception and there is abundant evidence of the 
poaching of this species. 
In addition to the above there are two problem organisms which 
are thought to be influencing E. laevi·fol ius populations (Kluge, 
1981; Giddy, 1984). One is an, as yet, unidentified pathogen 
which causes the rotting of the female cone and seed. The second 
is the Leopard Moth ( Zeronopsis leopardina) which lays its eggs 
on actively growing tissue which is soft enough for the hatching 
caterpillars to feed on. Entire whorls of new foliage may be 
consumed by these caterpillars. 
It is not certain whether the pathogen is an old or new 
occurrence (Oosthuizen, pers. comm.; Giddy, pers. comm.; Kluge, 
pers. comm.), but the Leopard Moth is definitely alien to the 
Transvaal cycads. Giddy (1984) states that the natural 
distribution of the moth is from the eastern Cape coast to the 
Natal coast and as far inland as Eshowe. It may be presumed that 
the moth's distribution has been spread by the injudicious 
introduction of Natal and eastern Cape cycads into the Transvaal 
by collectors (Giddy, pers. comm.). 
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The Forestry Branch of the Department of Environment Affairs has 
been responsible for the conservation of E. laev:if'olius in their 
Starvation Creek Nature Reserve on the Berlin State Forest. The 
reserve was declared as such in 1962 and the plants have 
continued to flourish since then. A number of people have done 
surveys in the reserve on the influence of the management of the 
plants. Gilliland (1967), Jacobsen (1973) and Oosthuizen (1978) 
all indicate that the present management on the reserve is having 
good results. They do, however, express concern at the evidence 
of damage caused by the two organisms discussed above and suggest 
further research in this direction. 
Kluge (1975; 1976) makes a number of suggestions of research 
directions with regard to E. laevif'olius and they are as follows: 
i) determine the requirements and growth characteristics of 
the plants to ensure the implementation of a sound 
management plan; 
ii) determine the habitat requirements so that threatened 
plants may be relocated into their correct habitat; 
iii) determine the growth tempo and sexual viability of the 
plants and 
/ 
iv) determine the feasibility of growing seedlings for r~-
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establishment into their natural habitat. 
He also mentions that the population in the Starvation Creek 
Nature Reserve looks healthy and is flourishing, but expresses 
concern with regard to the apparent fungal infection of the 
female cones (Kluge, 1981). He goes on to state that it is not 
known if this is a new or old occurrence, but that further 
research in this direction is necessary. 
A project to investigate the population dynamics of E. 
laevi'folius in the above mentioned reserve was initiated in the 
early 1980's and was registered with the South African Forest 
Research Institute (S.A.F.R.I.). The official responsible for 
the carrying out of this project resigned shortly after it was 
registered and no further work has been done on this cycad until 
the initiation of this study. 
A preliminary review of the project mentioned above revealed that 
an i nves tiga ti on into the popu la ti on dynamics of e:·. laevi'fol ius 
would require at least thirty years of regular monitoring and 
research. This is because of the tremendously slow growth rate 
of these plants. Plants with stems of between three to four 
meters in length are said to be up to five hundred years old. It 
was felt that it would, therefore, be impractical to continue 
with the project as it was originally envisaged. 
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Considering the above, the conservation status of the plant and 
all the suggested avenues of research, it was deemed necessary to 
initiate a new project. One which would investigate the 
pertinent avenues of suggested research and provide a document 
that could be used to direct management decisions, so as to 
enhance the conservation of E. laevifolius and its habitat. 
To ensure that this document would be a working document (i.e. as 
suggested above) it was necessary to avoid a purely botanical or 
biogeographical study, but to concentrate on those aspects 
relevant to the management of the plants and their habitat. In 
order to achieve this, the study was set to investigate those 
aspects of the plant's ecology that could be, or need to be, 
manipulated by management of some kind. This includes those 
aspects that may be directly threatening the plants continued 
existence in nature; for example, the Leopard Moth's 
caterpillars, the pathogenic infection of the female cones and 
the illegal removal of habitat plants. 
Although Gilliland (1967), Jacobsen (1973), Oosthuizen (1978) and 
Kluge (1981) all express confidence in the present management 
being applied in the Starvation Creek Nature Reserve, there is a 
lack of an ecological basis to the management. The reserve is 
presently burnt on a tri-annual rotational basis any time from 
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November to February and there is no record of how this decision 
was made. Wilson (n.d.) states that the frequency and time of 
burn needs further study. 
During preliminary discussions with officials responsible for the 
management of the above reserve it became evident that there is 
the potential for a conflict of interest, that is between the 
conservation of an endangered species and the protection of 
timber plantations. It so happens that the tri-annual burning 
regime that is presently being applied falls within Forestry's 
primary objective of fire protection. If this study should 
indicate that the regime be altered in any way, Forestry 
currently appears likely to accept it only if it falls within the 
limits set by their primary objective of fire protection. 
This attitude is reflected in correspondence between the Regional 
Director of the Southern Transvaal Forest Region and the Director 
General of the Department of Water Affairs, Forestry and 
Environmental Conservation (known today as the Department of 
Environment Affairs). Harris (1981) states in this letter that 
special protection cannot be afforded to rare or even endangered 
species, if by doing so, thousands of hectares of plantation are 
endangered. 
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The aims of this study and thesis are, therefore, to gain an 
understanding of the ecology of E. lau::wifolius, establish the 
exact nature and extent of the threats which face the plant, and 
determine ways in which the plant and its habitat may be managed 
to ensure its continued existence in nature. In order to achieve 
these aims, the following objectives were set: 
i) carry out a population census to determine the distribution 
and structure of each of the populations; 
ii) establish basic habitat requirements; 
iii) investigate interactions with specific organisms, i.e. both 
positive and negative interactions; 
iv) determine the role which fire plays in the ecology of the 
cycad and how it may be used as a management tool taking 
both ecological and social considerations into account; 
v) establish the seriousness of the threat of poaching and the 
effectiveness of the relevant legislation; and finally 
vi) investigate the feasibility of the ex situ propagation of 
plants for re-establishment into their natural habitat and 
for the enhancement of existing populations. 
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Until recently, any work or surveys carried out on this plant 
have been restricted to the Starvation Creek population, possibly 
because it is the largest and most flourishing of the 
populations. A few exceptions do, however, exist. Vaster (pers. 
comm.) surveyed the Mariepskop population in 1971 and made his 
findings available for use in this study. All of this work has, 
unfortunately, been superficial. 
Generally there is very little published work which deals 
directly with the aspects investigated by this study. Osborne 
(1987) in his introduction to a bibliography on South African 
cycads, states that literature on cycad work is fairly thinly 
spread in a large number of books and journals - many of which 
may seem obscure and difficult to obtain. In addition to this 
only a limited number of the publications listed in this 
bibliography are relevant to this study, i.e. 23 out of 126. 
Osborne, et al (1988) state that, in a recent bibliography of 
cycad literature, only 103 out of a total of 1713 publications 
mention the genus, Enc£:'phalartos. They go on to say that 
although increasing attention is now being paid to various 
aspects of cycad research, in most cases this work is at a fairly 
preliminary stage, is yet unpublished, and many avenues need yet 
to be explored. 
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The problem of the lack of relevant publications is exacerbated 
by the limited number of plants in habitat, their restricted 
distribution, the large distances between populations, their 
relative inaccessibility and their extremely slow growth rate. 
It was, therefore, not possible to carry out any experiments that 
could have provided valuable data for the study. Unlike a study, 
for example, on the effect of different burning regimes on 
grassveld. Such a study over a period of about four years could 
provide fairly precise conclusions, whereas the four years spent 
on this study leave a number of specific avenues to be researched 
and findings that need to be verified by continued monitoring. 
The fact that the five different populations all experience a 
different management or no management at all has, however, 
provided valuable data on which the conclusions in this study 
have been based. 
Now that the necessity of this study has been highlighted through 
the above discussion on the ecological importance of the cycad and 
the threats that face it, the methods followed in an attempt to 










2 . M .. ~IH .. Q.Q.$.. 
2.1. INTRODUCTION 
Upon reviewing the avenues of suggested research together with 
the limited amount of published work on E. laevif'olius, it was 
felt that this study should endeavour to achieve a basic 
understanding of the plants' ecology. In doing so, management 
principles could be determined against which present management 
could be compared and appropriate recommendations made. In 
addition, it was also necessary to investigate the specific 
aspects threatening the plants continued existence in its 
habitat. It would be most unfortunate if special effort ensured 
the application of ecologically based management, while nothing 
was being done to stop the illegal removal of ha~itat plants for 
example. Finally, the ex situ propagation of the plant for 
re-establishment into its habitat was also deemed necessary. 
That is to either enhance existing populations or to re-establish 
populations in areas where they occurred in the past. 
The methods used to gather the information necessary to achieve 
the aims and objectives of th1s study will be discussed as per 
aspect of investigation. Generally they consisted of field 
observations and consultations with relevant specialists and 
officials. Where an observation in the field gave rise to a 
specific theory or hypothesis, it was tested or verified by 
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consulting with the relevant expert/s. On the other hand, 
theories or hypotheses expressed during consultations were ,_ 
tested, as far as possible, in the field. 
2.2 POPULATION CENSUS 
If any meaningful recommendations are to be made with regard to 
the management of E:.". laevifolius it is first necessary to 
determine the exact status of the cycad in its natural habitat. 
In other words a "stock taking" exercise is necessary to 
determine the population structure in terms of exact numbers, age 
class distribution and sex ratio. In order to achieve this, a 
thorough survey of each of the populations is essential and the 
locality of each population first needs to be determined. 
2.2.1. POPULATION LOCALITIES 
The Starvation Creek population was easily located as it is 
within the reserve of the same name, proclaimed specifically for 
the conservation of the cycads. The existence of the population 
in Compartment J on the Berlin State Forest became evident 
through consultations with the curator of the Lowveld Botanic 
Gardens, Mr. J. Kluge. He also assisted in the locating of the 
plots which he set out during his research on the Starvation 
Creek population (Kluge, 1981). The Belmont population was 
located by the Flora Section of the Transvaal Provincial 
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Administrations' Directorate of Nature and Environmental 
Conservation (T.P.A.N.E.C.). It was discovered during aerial 
surveys of the Kaapsehoop Mountains and the approximate position 
of the plants were marked on a 1:50 000 topographical map. This 
data was then made available for use in this study, courtesy of 
the T.P.A.N.E.C .. 
Fourie (1983) describes another population in "an isolated area 
on the Mariepskop Mountains and on an isolated peak in the 
Drakensberg Escarpment near the Olifants River Gorge area". 
Personal observations during an aerial survey of this area, 
courtesy of the South African Air Force (S.A.A.F.), confirmed the 
existence of this population. Its locality was then marked on a 
1:50 000 map. The plants above the Olifants River Gorge were, 
unfortunately, not located during the same survey. 
The existence of E. laevi"folius in Swaziland is suggested by both 
Fourie (n.d.) and Giddy (1984). Donaldson (pers. comm.) 
indicated that plants may be found on the Malolotja Nature 
Reserve of the Swaziland Trust Commission. The Senior Warden of 
the reserve was approached in this regard and confirmed their 
existence. He also agreed to assist the author in the survey of 
the population. The survey was carried out on foot and all the 
known localities were visited. 
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2.2.2. POPULATION SURVEYS 
Once the general localities of the populations were established, 
each was visited on foot. The surveys were first attempted 
either alone or with the assistance of one other person. This 
proved to be a waste of time and energy. The rugged terrain and 
associated vegetation is such that the plants were easily 
overlooked. The Flora Section of the T.P.A.N.E.C. were requested 
to assist in the survey of the four Transvaal populations and 
agreed to do so. Four officials from this institution assisted 
in this survey. Their familiarity with the plant enhanced the 
value of their assistance. 
As the approximate location of each population was approached by 
the survey party, a line was formed perpendicular to the 
direction of movement. Each person was spaced at a distance of 
approximately fifty to one hundred meters depending on the 
topography and vegetation through which the line moved. It was 
important to maintain visual contact with the adjacent members of 
the survey line. Two of the people in the line were appointed as 
scribes and walked in positions two and four. When a member of 
the party found a plant the line would wait until the details of 
the plant were related to the closest scribe. 
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The above method was applied to all the populations except 
Starvation Creek. This population was surveyed from the air by 
helicopter by the flora section of the T.P.A.N.E.C. and by the 
use of two monitor plots, one on either side of the valley. The 
position of each plot was selected to encompass a concentration 
of plants in the hope that the survey results would reflect the 
age class distribution and occurrence of sexual propagation 
within the population as a whole. It is for this reason that no 
age classes have been recorded for the 500 plants listed against 
Starvation Creek in Table 1. However, the occurrence of adults, 
juveniles and seedlings is recorded for the entire population in 
Table 3 by virtue of the survey results from plots A and B. The 
findings from these two survey methods are discussed in section 
4.1.(i). 
Personal experience has shown that many plant distribution 
patterns are unreliable. Most distributions are determined from 
the localities recorded on herbarium specimens, which gives no 
guarantee that all possible localities have been surveyed. 
Contrary to this trend, the dist ribu ti on of t... laevi'fol ius, as 
recorded in this report, is accurate. Besides the fact that one 
soon develops a "search image" of the cycad, in other words, the 
ability to actually find the plants, the mature specimens are 
very obvious and hard to miss. It is possible, however, that the 
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small juveniles and seedlings were overlooked from time to time. 
Considering the method of survey as discussed above, it is safe 
to assume that this was the exception rather than the rule. 
The following is a list and a brief discussion of the information 
that was recorded during the surveys: 
i ) P .. l.9 .. n.t. ..... .nl:J..m.P..§.r. 
It is seldom that plants are found with single stems as 
cycads propagate vegetatively by basal suckers. Plants 
were encountered with up to twelve stems and the question 
arose as to whether each stem should be counted as an 
individual plant. In answering the question of whether 
asexual reproduction should be considered as a form of 
reproduction, Solbrig (1980) states that "where 
vegetatively produced plants are capable of independent 
life and, upon the death of the parent plant, propagate the 
maternal genes in time and space, this is a function of 
reproduction.". Therefore, each vegetatively produced stem 
was considered as a single individual. A multi-stemmed 
plant was recorded as a group of stems and each stem's 
details were recorded individually. The plant number was, 
therefore, recorded as follows: 1.1, 1.2, 1.3, ... , 1.n, 
where n = the number of stems in the group. The next group 
to be found were recorded as follows: 2.1, 2.2, 2.3~ ... , 
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2.n., and so on. In this way, a clear indication is given 
as to the distribution of the plants within each 
population, i.e. a random, scattered or clumped 
distribution. Plate 1 illustrates this phenomenon. 
The total number of plants was recorded to determine how 
the population was made up in terms of groups and 
individuals, and to assist in determining the sexual 
viability of the population. 
l. i·) ~.~.?.5. 
Cycads are dioecious, i.e. with sexes separate in separate 
cones on different trees and it is important to determine 
the sex ratio of the populations as this, in part, 
indicates their sexual viability. Sexual propagation is 
only possible if male and female plants produce cones 
simultaneously. In this way pollen should be available 
when the female cones are ready for pollination. 
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Plate 1. A plant with a number of mature root suckers 
where each sucker is classified as an 
individual plant . 
Sexual viability is a debatable aspect of cycad ecology and 
demography and there are two trains of thought. Giddy 
(pers. comm.) suggests that it is generally accepted by 
botanists that a population of cycads needs at least twenty 
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individuals to be classed as being sexually viable. Kluge 
> 
(pers. comm.), however, suggests that the tremendous life 
span of these plants could make a population of just two 
individuals of the opposite sex sexually viable. It would 
seem, therefore, that sexual viability is firstly 
influenced by the sex ratio of the population and is then 
enhanced by an increased number of individuals. 
It is unfortunately not known what the ideal ratio is but 
Giddy (pers. comm.) has observed that there are generally 
more male than female plants within most of the different 
Enccphalartos populations in South Africa. Work presently 
being carried out by a number of entomologists suggests 
that the ultimate factor in determining sexual viability is 
the presence of specific insects which fulfil the role of 
pollen vectors (Herthog, pers. comm.; Donaldson, pers. 
comms.; and Oberprieler, pers. comm.). This aspect is 
discussed in detail in sections 2.3. and 3.2., where the 
reasoning behind the suggestion that insects are the 
ultimate determining factor in sexual viability, should 
become clear. 
Where plants were found without cones, every effort was 
made to find remains of old cones or seeds in the immediate 
vicinity. On occasions, past records provided the 
information on sex. This was especially true for those 
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plants which were previously mrrked by Kluge during his 
research in the Starvation Crebk Nature Reserve. Where 
cone material was found in the[vicinity of a multi-stemmed 
plant, or where only one or twl of the stems carried cones, 
the relevant sex was recorded ror all the stems. , Stems 
which are propagated vegetatively are genetically identical 
(Solbrig, 1980). 
Plates 2 and 3 depict the differences between the male and 
female cones. The major differences are in the size of the 
cones and the cone scales. The male cone is thinner and 
more elongated, and its scales are much thinner and are 
loose on the axis of the cone. The female cone is much 
thicker than the male, and the cone scales are tightly 
packed together on the axis, as well as being much bigger. 
Typically the male cones are 3~ to 40cm long and 10cm in 
diameter, while the female con~s are 20 to 30cm long and 12 
to 15cm in diameter. 
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Plate 2. A plant bearing 
male cones. 
iii) I.h.~ ...... n.~. !I!.P.~ .. r. .. ..  9..f.. ...... 9..9..0..§.§ ...... .P. .~ . .r ... ... QJ_?.D...t. .. , .. . 
Pla t e 3. A plant bearing 
female cones. 
This information was obtai ned simply by counting the number 
of cones per plant. It was recorded against t he actual 
stem which carried the cones. In the case of multi - stemmed 
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plants it was often found that only one or two of the stems 
actually carried cones. The fact that the plants were 
carrying cones was more important than the actual number of 
cones, because cone number differs from plant to plant and 
from season to season. It is, therefore, to fickle a 
parameter to use to determine sex ratio, but to ensure that 
as much information as possible was gathered the cones were 
counted. 
\. 
i v ) .k.~ .. 0.9 .. t..h ....... 9..f ........ ?. .. t.~.!.T.!..., .. , 
• l 
The length of each stem was measured in meters from the 
base of the stem to the edge of the crown. Stem length was 
' 
used as opposed to height as the stems are often found to 
be growing along the ground or at an ~ngle to the ground 
with only the crown turned u~wards. This parameter was 
recorded for two reasons. Firstly to provide an idea of 
the age of mature plants, and secondly to facilitate 
follow-up surveys. Due to the tremendously slow growth 
rate of the cycads, stem length serves as a description of 
the individual plants and in this way will assist future 
monitoring operations. Although this is beyond the scope 
of .. this thesis it is, never the less, desirable to allow 
for continuity. 
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v ) tl.9.§ ....... 9..19..?..?. ... ,,,, 
The placing of each plant recorded into an age class is 
necessary to determine the age class distribution of each 
population and sub-population. Three age classes are 
identified by Fourie (1983) and are as follows: 
a) $..§.~.Q.lt. .. .0.9.§..: those plants with one to six 
immature leaves protruding above the ground without a 
developed stem. (The leaflets of immature leaves have 
small serrations towards the distal end of the leaflet). 
These plants are estimated at being between one to five 
years of age. 
b) J..qY.\?. . .OJ .. 1.§.?..: ·those plants with a well developed leaf 
crown and a stern length of less than 0.3rn. The leaflets 
lose the above mentioned serrations at this stage and 
the margin is entire. These plants are estimated to be 
between five and twenty years of age. 
c) A.Q.q.l.t: those plants which have reached sexual maturity, 
i.e. they have the ability to develop cones. These 
plants are greater than twenty years of age and may 
·reach the age of three hundred and fifty years or more. 
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Together with the total number of plants, the age class 
'· distribution within a population provides a clear 
indication of the sexual viability of the individual 
populations. If seedlings and juveniles are present in the 
population, it may be seen as an indication that successful 
sexual propagation has occurred. However, the presence of 
only adult plants in a population places a question mark 
behind that specific populations sexual viability. The 
emphasis of the need for an indication of the occurrence of 
sexual propagation lead to the decision that root suckers 
resembling the seedling stage would not be recorded as 
being in a specific age class. The total number of these 
suckers was recorded in the comments column. The reason 
for this being that it is often difficult to establish the 
exact number of suckers when they occur in mass at the base 
of the parent plant, and that they fluctuate in number from 
year to year. 
. ) . vi Y .. :i,_g_q_q_.r 
Although the vigour of the plants does not have any direct 
bearing on the population structure, it was recorded to 
reflect the number of senescing and/or senescent plants in 
each population. Vigour was recorded with one of the 
following symbols: 
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"+" refer red to the plants in a good condition. The 
absence of leaves or the presence of senescing foliage were 
not signs of a lack of vigor. It was the firmness of the 
crown that indicates the vigour of such plants. It was 
necessary to use this parameter as cycads are deciduous and 
it would be incorrect to record a plant without leaves as 
·being unhealthy. Any softness of the crown would indicate 
senescence. 
"o" was used to indicate that the plant was probably 
senescing but there was a chance that it could recover. 
"-" referred to those plants that were obviously 
senescent. A soft crown is indicative of this state. 
In addition to the above any other observations that were made 
were recorded in a "comments" column. Examples of the 
observations recorded include the position of the plant in the 
land- scape, evidence of any biological or mechanical damage and 
evidence of the pathological infection of the female cones. 
It was not possible to complete one hundred percent enumerations 
in all of the populations. The Starvation Creek population is 
too large, so two monitor plots were marked out within the 
reserve. They were specifically located so as to include as many 
plants as possible within an area large enough to be surveyed 
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thoroughly. (Examples of some of the surveys are included as 
Appendix A.) The plots were also located so as to correspond 
with two of the three plots set out by Kluge (1981) in an attempt 
to add to and utilize the data collected by him. 
The fact that these plots were not randomly placed meant that no 
extrapolations can be made with regard to the number of plants in 
the entire Starvation Creek population. This is not considered 
important, as the aerial survey carried out by the T.P.A.N.E.C. 
has already given an indication of the total number of plants. 
What was considered as being important was the age class 
distribution and the sex ratio within the plots which could be 
related to the rest of the population. To this end the plots 
were situated to correspond with the clumped distribution pattern 
of the plants. 
2.3. BASIC HABITAT REQUIREMENTS 
The need to determine the basic habitat requirements of E. 
laevi"folius developed from the following two objectives. Firstly 
so that areas of similar habitat may be identified for the 
possible re-establishment of plants propagated ex situ; and 
secondly, to provide data that may be used to explain 
abnormalities which may exist within the populations. Absence of 
recruitment through sexual propagation, for example, may be 
explained by deviations from the "ideal" habitat. 
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In order to determine the habitat requirements it was necessary 
to gather data on the environment of each of the populations. By 
comparing these data it is hoped that some conclusions may be 
reached as to which of the environmental components are common to 
all the populations. These would then be construed as being the 
ideal habitat requirements of the plant. Those components not 
common could be seen as being habitat exceptions within which the 
plants occur. 
The following is a list of environmental components for which 
data were gathered. A brief description of how the data were 
gathered is also included. 
i ) G..l .. i._m.9. .. t.§ 
Both rainfall and temperature data was requested from the 
various authorities closest to the populations. The data 
were requested from the S.A.A.F. base at Mariepskop and 
the Officer in Charge of the T.P.A.N.E.C.'s Blydepoort 
Nature Reserve, the Officer in Charge of the Berlin State 
Forest, and the Senior Warden of the Maloltja Nature 
Reserve for the Mariepskop, Kaapsehoop, and Swaziland 
populations respectively. 
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i i ) B.l .. t...L.t..w .. 9.@. 
As mentioned in section 2.2.1., the localities of the 
plants within the populations were recorded as accurately 
as possible on 1:50 000 topographical maps. The altitude 
ranges were then read off these maps and this, therefore, 
provided the range within which each population is found. 
It is felt that this information is relatively accurate as 
the scale of these maps is s~all enough for reading the 
altitude. 
i i i ) G.@.9..!TI.9. . .r..P.h.9..1.9..9.Y.. 
The geomorphological characteristics such as slope, 
aspect, distance from drainage lines and exposure were all 
noted during the survey of the population structure. 
Aspect was subsequently checked with the localities on the 
topographical maps. 
iv) G..@.9.19..9.Y. .. 
The geology was noted in the field and checked against 
1:250 000 Geological maps of the Transvaal. 
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v ) .l?..§.9.9. . .l...9..9.Y. 
Soil pits were dug within the Mariepskop, Starvation Creek 
and Compartment J populations. These pits were inspected 
by a pedologist of the South African Forest Research 
Institute (S.A.F.R.I.). He also made suggestions with 
regard to the placing of the pits within each population. 
It was unfortunately not possible to carry out this 
operation in the Belmont and Swaziland populations because 
of their inaccessibility to the pedologist. 
v i ) I..b.S?. ...... G. . .h.S?..rn .. :i..9..?..l ....... G..9..m.P..9..?...i. ... t...:i. .. 9. . .n ..... .9..f ....... .f..9.1 ... :i. .. ?..9.§ ...... ?..n.9 ....... $.9. .. :i. .. l 
Under the guidance of personnel at the Citrus and 
Sub-Tropical Fruit Research Institute (C.S.F.R.I.) in 
Nelspruit, foliage and soil samples were collected from 
each population for the analysis of their chemical 
composition. 
Six samples of both soil and foliage were collected from 
each population. Samples were taken from a cross-section 
of ages within each population and suckers were given 
preference over parent plants because they are more 
actively growing. Sixty leaflets were collected per 
sample, i.e. per plant, from the inner whorl of leaves and 
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from the distal one third of the leaf. Firstly because 
this is the amount of foliage necessary for the analysis, 
and secondly, because the leaves in the inner whorl are 
the youngest and those at the distal one third represent 
the average size of the leaflets. Five leaflets were 
picked from each of twelve leaves to make up the required 
total of sixty. Each sample was then placed into a 
plastic bag, sealed and labelled with the following 
information; name of population, length of stem in meters, 
sex (if discernible), and whether the plant was a sucker 
or a single stem. 
Soil samples were taken from below the crown of each of 
the plants from which the leaf samples were taken. 
Approximately two kilograms of soil from the "A" horizon 
was placed in a plastic bag, s~aled and labeled with the 
same information as listed above. E'r'1cepl1a 1 a r tos 
lao'Vi-folius has a relatively shallow root system which 
draws most of its nutrients from the "A" horizon. 
Both the leaf and the soil samples were then given to the 
laboratory at the C.S.F.R.I. where.the analyses were 
carried out. The results of the analyses were then 
compared to see if there were similarities or differences 
between the populations. The detailed results of the 
analyses are included as Appendix 8. 
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v i i ) Y..El--1 .. 9. ...... .I.Y..P..@.?.. 
The locality of each population was checked against a map 
of Acock's Veld Types of South Africa. 
2. 4. ORGANISMS WITH WHICH ENCEPH~L~l?7'05' L~EVIf'OLlL/5' HAS SPECIFIC 
INTERACTIONS 
The organisms discussed in this section play a very significant 
role in either promoting or threatening the survival of the cycad 
in its habitat. The investigation is divided into two sections, 
namely those organisms having a positive interaction with the 
plant, and those having negative interactions. 
2.4.1. ORGANISMS WITH POSITIVE INTERACTIONS. 
i ) P..9. .. ll ..t.n.9 .. t..9. . .r..?. .. , ... 
Giddy (1984) states that cycad pollen is wind dispersed 
and suggests that, because female cones in nature have 
a high percentage of fertile seed, wind pollination is 
very effective when it does occur. She also lists a 
number of factors which tend to support the wind 
pollination theory. However, the extremely low 
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percentage of fertile seed being produced within all 
the E. lao'Vi"fol ius populations indicates that the 
necessary pollen vector/s is possibly more complex than 
just wind. The question of the sexual viability of the 
populations as briefly discussed in section 2.2.2.(ii), 
may only be accurately answered once the role of the 
wind and/or insects has been thoroughly investigated. 
Although some of the literature referred to merely 
alludes to the possible role of insects in cycad 
pollination (Newell, 1983; Stobart, 1989), there are 
others which provide more conclusive evidence in this 
regard (Norstog, et al, 1986; Tang, 1987; Osborne, et 
al, 1988; Norstog and Fawcett, 1989), albeit not in 
Encephalartos. This is, however, discussed in detail 
in section 3.4.1. below. 
In order to investigate this aspect it was necessary to 
take special note of any cones encountered during field 
trips. Any insects which were found on or in the cones 
were placed in small containers filled with alcohol and 
were sent to the Department of Entomology at the 
University of Natal Pietermaritzburg. Here the insects 
were identified and the possible role they could play 
as pollen vectors was investigated by the entomologist. 
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It was subsequently established that research into this 
aspect was also being carried out at the Kirstenbosch 
Botanic Gardens. The entomologist responsible for this 
work requested, and was provided with, cone material in 
exchange for any information relevant to this study. 
For example, the identification of insects possibly 
responsible for pollination 
All the populations were visited specifically to search 
for cones. Where mature cones were found they were 
removed and sent to Kirstenbosch. It was agreed that 
any fertile seed found in the cones be sent back for 
propagation in the Lowveld Botanic Gardens (L.B.G.) and 
for eventual re-establishment into the natural 
habitat. The localities of plants bearing immature 
cones were noted and these were then monitored 
regularly. Once the cones reached maturity they were 
also collected and sent to Kirstenbosch. 
i i ) $..Sl.§l.9. ....... 12.i?. .. t...r. . .i .. P..4 .. t..9 . .r..?.. 
It is clear from the literature that a number of birds 
and mammals are responsible for the distribution of 
cycad seed. Giddy (1984), Fourie (n.d.), Kluge (1981), 
and Tang(1988) all discuss the involvement of baboons, 
monkeys, squirrels, hyraxes and a variety of birds in 
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seed dispersal. Giddy (1984) lists the Crowned and 
Trumpeter Hornbills and the Blacknecked Parrot as being 
particularly prominent in this role. She continues in 
this discussion by bringing to the notice of the reader 
the overlapping of the distribution of these birds and 
that of the Encephalartos species along the eastern 
side of the country. 
In order to establish which of these organisms are 
involved in the dispersal of E.". laevifol ius seed, 
careful note was made of any signs indicating their 
activities. Besides actual observations, spore and 
droppings were also used to indicate the presence of 
the organisms. 
2.4.2. ORGANISMS WITH NEGATIVE INTERACTIONS. 
The concern expressed by a number of authorities with 
regard to the biological damage caused by two specific 
organisms (i.e. the Leopard Moth and an apparent pathogen) 
has already been briefly discussed in Chapter One. In 
order to establish their occurrence throughout the 
populations, special note was made of any evidence of 
damage caused by them from the first census and with each 
subsequent field trip thereafter. Details of other work 
carried out in this regard is discussed briefly below. 
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i ) I..b..si ........ b.si.9..R.?..r.9 ....... M.9. .. t .. b. ....... C..~:?..r.9.09..P.$..i..$. ....... J...?..9.P.#.!..r.f.l"i..o?.i!.2. 
The investigation into the leopard moth entailed 
~ 
special field trips to establish the extent of its 
distribution within the £". laev1.,folius population as a 
whole. The investigation then continued to establish 
ways of controlling this pest with the least impact on 
the plants and their habitat. Entomologists and 
representatives of chemical companies were approached 
for their input on this aspect. 
i i ) I.b..si .... ..P.?. .. t .. h.9..9.si .. n.i. .. £: ..... J.nf .. si.£: .. t..i. .. 9. .. n ...... 9..f ......... t.b.Sl ...... ..f.si.rn.?J .. si ....... G..9...o.si.?.. 
As with the black spotted moth it was first necessary 
to establish whether this problem occurred in all of 
the populations. Inspections of female cones and seed 
found during field trips fulfilled this requirement. 
Pathologists at the Citrus and Sub-Tropical Fruit 
Research Institute in Nelspruit (C.8.F.R.I.), the Plant 
Protection Research Institute in Pretoria (P.P.R.I.) 
and at the Kirstenbosch Botanic Gardens were approached 
with the request that they attempt to isolate and 
identify the responsible pathogen. It was then hoped 
that specific measures could be prescribed for its 
control. 
40 
No work had previously been done in this regard, so the 
investigation could not be specifically planned. It 
evolved as each institute attempted isolations and made 
suggestions. The path·of the investigation is, 
therefore, revealed in the discussion of its findings 
in section 4.3.2.(ii). The method used by the 
pathologists at C.S.F.R.I. in their isolation attempt 
is discussed in this section as well. Otherwise the 
method used was simply to collect infected cones and 
deliver of the material to the respective institutes. 
2.5.FIRE - ITS ROLE IN THE ECOLOGY OF THE CYCAD AND ITS USE AS A 
MANAGEMENT TOOL. 
In Chapter One a comparison was made between this aspect of the 
study and a similar study in a pure grassland. The comparison 
was intended to demonstrate the difficulties facing any research 
of th{s nature involving an extremely slow growing endangered 
species, with three basically inaccessible disjunct populations. 
The application of a variety of burning regimes and the 
subsequent monitoring of the response was unfortunately not 
possible. Each population, however, has experienced a different 
burning regime which at least facilitates comparisons between 
populations. 
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No specific form of data was collected for comparison, but that 
already collected for the other aspects discussed above proved 
sufficient. It was, however, necessary to establish the fire 
history of each population. This information was acquired in the 
same manner as that of the climatic data discussed in section 
2.3.1. 
During the investigation it became evident that there exists a 
potential conflict of interests between land owners adjacent the 
populations of E. laevi'folius and the use of fire based on sound 
ecological principles. The adjacent land owners are 
predominantly timber growers and their major objective in the use 
of fire is the protection of their plantations. The frequency 
and season of these burns are not ecologically based, but are 
dictated by the fire protection objective. Any ecologically 
based prescription, setting the frequency and season of burn 
outside of the limits set by this objective, would immediately 
result in the above mentioned conflict. 
This aspect was investigated by presenting burning regime based 
on ecological principles to the plantation managers for their 
comment. Taking their reasoning into consideration all 
alternatives were considered in an attempt to reach a compromise 
that would suit both objectives. 
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2.6. THE ILLEGAL REMOVAL OF HABITAT PLANTS 
2. 6. 1. THE MAGNITUDE OF THE PROB LEM WITH REGARD TO E·. l~EVlFOlIU5'. 
Each field trip to any of the populations, irrespective of 
the reason, entailed a basic "stock taking". Through 
periodic visitation to the populations, a familiarity with 
individual plants developed. It was, therefore, possible 
to immediately determine if plants had been removed. 
Evidence of removal is usually very clear, i.e. foliage 
cut off with a sharp instrument and left on the ground in 
the vicinity of where the plant once grew. Recent 
excavations are also clearly evident. In addition, any 
previously collected data compared with the latest survey 
results indicated any missing plants. If the reason for 
the discrepancy was mortality, the remains of the stem 
should still have been present in the vicinity of the 
original location. If not, then the discrepancy was 
attributed to theft. 
2.6.2. A CRITICAL REVIEW OF THE RELEVANT LEGISLATION 
All relevant legislation was reviewed together with a 
number of publications dealing specifically with this 
subject. Officials responsible for the enforcement of 
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this legislation were interviewed to establish if they 
experienced any short comings and had any suggestions as 
to how it could be improved. Various other individuals 
involved in cycads were also approached for their views on 
this aspect. 
2.7. POPULATION ENHANCEMENT AND RE-ESTABLISHMENT 
As can be seen in the discussion on the Population Structure of 
E. laevi"folius in section 3.1., there is reason to be concerned 
about the size of some of the populations, the lack of evidence 
of sexual propagation and the apparent shrinkage of the 
populations in general. It would be ideal if steps could be 
taken to reverse this situation, such as the enhancement of 
existing populations and the re-establishment of others. In 
order to achieve this , it was necessary to obtain information on 
methods of propagation and to identify areas into which plants 
may be re-established. 
2.7.1. PROPAGATION METHODS 
The method of pro~agation ~sed depends on the part of the 
plant used in the propagation process. The alternative 
sources of material are seed, basal suckers and epicormic 
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and coppice shoots. The possibility of translocating 
mature stems also exists, as well as the use of tissue 
culture. 
Although there are no publications dealing with the 
propagation of E'. la&·vi'folius specifically, there are a 
number which discuss the pr,opagation of cycads in 
general. 
The L.B.G. were approached with the request to assist in 
the investigation of this aspect. Seed and mature stems 
were subsequently provided for propagation in their 
"Endangered Flora Seed Orchard". The seed was collected 
in habitat from cones that were breaking up or had already 
broken up. On a number of occasions stems were found that 
had been dug up by poachers and had been left for some 
reason, probably because they were too heavy to be 
carried. Senescing stems which had broken off the main 
plant, but which still showed signs of not being 
completely rotten, were also encountered. In both cases 
the stems were taken to the L.B.G. for establishment in 
the seed orchard. The techniques used in the propagation 
of this material, and the success gained, are discussed in 
section 3. 6 .1. 
45 
Other organizations experienced in this aspect were also 
approached for their input. Mrs. Cynthia Giddy of Giddy's 
Cycad and Cactus Nursery near Pietermaritzburg in Natal; 
authoress of "Cycads of South Africa", was interviewed in 
this regard. Besides all the valuable information she 
imparted on this aspect, her views on others were also 
recorded for use in this thesis. The Officer in Charge of 
the T.P.A.N.E.C.'S Hartbeeshoek Nursery is highly 
experienced in the propagation of cycads in general, and 
he was also interviewed in this regard. 
2.7.2. SITE SELECTION FOR THE ENHANCEMENT AND RE-ESTABLISHMENT OF 
POPULATIONS 
Three sets of data assisted in this site selection, 
namely, the data on population structure, habitat 
requirements and old localities. The data on population 
structure indicated those populations in need of 
enhancement. The latter two sets combined to identify 
areas with the potential for re-establishment. 
The feasibility of both operations depends on the 
stability of the area/s identified and the guarantee of 
absolute protection by the body or institution responsible 
for the fostering of the introduced plants. All potential 
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areas were screened with this in mind. It would be most 
unfortunate if plants that were carefully propagated and 
eventually translocated, were mismanaged or even stolen. 
The aims and objectives as set out in Chapter One are relatively 
broad and all encompassing, and it is hopes that the methods 
discussed above manage to achieve these. The discussion that . 







3 . 8 E.§_V._L T_$.. 
The complications faced during this study (see Chapter One) 
necessitated the utilization of a number of experts and 
authorities in the field of cycad ecology and management. It 
was, therefore necessary to make a distinction between the 
results obtained from work carried out by the author himself, and 
that of the specialists mentioned above. The author's results 
are presented briefly below, and are discussed in detail in the 
following chapter together with the relevant findings of others. 
3.1. POPULAIION CENSUS 
Mention has already been made of where the various populations of 
E. laevi'folius occur. This information is also illustrated in 
Fig. 1 in Chapter One. It is unfortunate that the exact 
localities cannot be divulged. The demand placed on these plants 
by unscrupulous collectors necessitates a degree of secrecy in 
this regard. The results of the population census are recorded 
in Table 1 below. '(The three Kaapsehoop sub-populations are 
treated as separate populations.) During each survey every 
effort was made to locat~ and record each individual plant. (See 
the discussion on the accuracy of these observations in section 
2.2.2 .. ) There •is no doubt as to the accuracy of the data 
recorded for the age classes. The age classification as set out 
in section 2.2.2.(v) was easily followed. The problem was to 
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determine the sex of each plant. At no time during the three 
years in which data were collected for this study, did any of the 
populations display a hundred percent coning. The search for old 
cones in the vicinity of the plants was also of.ten fruitless. 
The data are, however, included in Table 1, although it is of 
limited value in this study. With the addition of subsequent 
survey results,however, a clearer picture could be compiled. 
(Recommendations in this regard are made in Chapter Five.) 
Simply by looking at the figures in Table 1, one can see why 
E'. laevi'folius is categorized as being "endangered". Al though 
there is little known about the numbers needed to constitute a 
flourishing population of cycads, it should be safe to assume 
that Starvation Creek is the only one that possibly fits this 
description. It is most disconcerting to see that the two 
populations at the distribution poles are the smallest, and that 
they have only adult plants. 
3.2. BASIC HABITAT REQUIREMENTS 
To fulfil the need for both simplicity and comparison of habitat 
components between populations, as much data have been tabulated 
as possible. Table 2 was compiled for this reason. Where the 
data were too much to fit into the table, they have been briefly 
described below. Comments directly applicable to the accuracy of 
the results have also been included below. 
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POPULATION TOTAL No. AGE CLASS DISTRIBUTION SEX RATIO 
A % J 9o s % M F 
Stv.Crk. ±500 
Stv.Crk.A 48 20 41,7 17 35,4 11 22,9 4 1 
Stv.Crk.8 30 25 83,4 4 13,3 1 3 7 ' ,;;, 11 1 
Belmont 166 151 91,0 1 0,6 14 8,4 10 13 
Comp.J 116 67 57,8 17 14,7 32 27,5 8 16 
Mariepskop 55 55 100 0 0 0 0 5 3 
Swaziland 25 25 100 0 0 0 0 4 9 
Table 1. The Population Structure of the E. laevifolius 
Populations in the Transvaal and Sw~iiland. 
Legend: Age Class Distribution 
A = Adults, J = Juveniles, S = Seedlings 
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HABITAT POPULATION 
COMPONENT Strv. Ck. Belmont Comp. J Mrpskop. Swzland 
Rain(mm/yr.) 1144.37* 1144.37* 1144.37* 416. 00# 1184.4*# 
Max. Temp. 31.0"C* 31.0"C* 31.0"C* 26. 41 "Ctt 30. 5 "C*tt 
Min. Temp. 1.0"C* 1.0"C* 1.0"C* 0.28"Ctt -5. O"C*# 
Max. Alt.(m) 1500 1300 1350 1850 1100 
Min. Alt.(m) 1200 1100 1300 1550 850 
Slope ±30° ±30° ±30° ±30° ±30° 
Aspect N.NW.S. W.NE.N.NW SW.NW.N. N.NW.W. All 
Dist. From Variable Variable Variable Vadable Variable 
Drnage Line 
% Population 100% 70% 100% 100% 100% 
Exposed 
Geology Quartzite Quartzite Quartz. Quartz. Quartz. 
Soil Type Hutton Hutton Hutton Hutton Hutton 
Soil pH 4.63 4.79 4.85 4.66 5.6 
Veld Types** 8 & 9 9 8 & 9 8 9 
Table 2. Habitat components per popu la ti on of IE. lat::;·vi'folius. 
* Average of twenty years measured at the Berlin Forest station. 
tt Average of 1988/89 figures for Bourke's Luck, Steenveld and 
Swadini (T.P.A.N.E.C. Nature Reserves). 
*# Average of five years measured at the Malolotja Nature Reserve 
in· Swazi land 
(The temperatures recorded above are the absolute max. and min. for 
the periods recorded above.) 
** Veld type numbers according to Acocks (1975) 
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3.2.1. CLIMATE 
The data gathered for rainfall and temperature are only of 
limited value. None of the populations has a weather 
station close enough to record their actual rainfall and 
temperatures. The data were provided by those 
institutions that were closest to the populations, but 
even these are relatively remote. For example the office 
at the Berlin State Forest where the weather data are 
recorded, is approximately Skm from the Compartment J 
population, 6km from Starvation Creek and 8 - 10km from 
Belmont. The station is set back on the plateau, whereas 
the majority of the plants in the Kaapsehoop populations 
are in the valleys below. The situation is complicated by 
the fact that there is variation in altitude and aspect 
within and between populations and, the micro-climate 
varies accordingly. The fact that the temperature and 
rainfall values obtained for Mariepskop are lower than 
those for Kaapsehoop and Swaziland illustrates this 
problem quite clearly. Mariepskop is actually in a high 
rainfall area as well as being in the mist belt. Figures 
were unfortunately, not obtainable from the S.A.A.F. base 
at Mariepskop, which would have been a good 
representation, but personal observations (military 
service at the base as a meteorological observer during 
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1979) indicate that the climate is similar to the other 
two areas. That is, a high rainfall during the summer with 
a dry winter, and extremes in temperatures during both 
summer and winter. 
3.2.2. ALTITUDE 
All the populations are found at relatively high altitudes 
with the Mariepskop population being the highest, at an 
average of 1700m, and Swaziland the lowest at an average 
of 1025m. The Kaapsehoop populations occur at a mean 
altitude of approximately 1300m. 
3.2.3. GEOMORPHOLOGY 
i ) P..C\?.Q9..f.IJ.i...D.9. .. IJ..t. ...... §l9.P.!?. 
Table 2 indicate that the predominant slope angle on 
which the populations are found is around 30°. The 
situation may have been different in the recent past 
with a greater percentage of plants occurring on less 
steep slopes, and the plateau itself. 
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i i ) A.?.P.~.G. .. t.. 
The aspects upon which plants occur are recorded per 
population in Table 2. Figure 2 below illustrates 




Figure 2. The number of populations within which an 
aspect was recorded. 
In addition to the above, the data were statistically 
analyzed using the "Chi square" test. This test has 
been described as a "goodness-of-fit" technique, which 
permits one to determine whether or not a significant 
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difference exists between the observed number of cases 
falling in each category, and the expected number of 
cases, based on the a hypothesis (Runyon and Haber, 
1980). In this instance, the null hypothesis is that 
cycads occur equally distributed on all aspects within 
each population. Using the data recorded in Table 2, 
a "Chi square" value of 11.375 was obtained, this is 
less than the critical tabled value at the 0.10 
confidence level and is, therefore, insufficient to 
reject the null hypothesis. This means that it must 
be accepted that cycads occur on all aspects. 
Although data illustrated in Figure 2 nonetheless 
indicates a preference for the warmer northern, north 
western and western slopes. 
iii ) P. .. t. .. ?...t..?..O..G..@ ... .fr.9..m. ..... P.r?..tn?.9.@ .... k.t. .. n.@. 
Although no precise measurements were taken to 
determine the distance of plants from the drainage 
lines, the observations made during field work clearly 
indicated that this varied within and between 
populations. The only exception is the Belmont 
population within which the greater proportion of the 
plants are in the vicinity of drainage lines, with a 
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few scattered individuals further away. The 
observations made in the field clearly suggest a 
preference for well drained soils. 
i v ) .t:.:.X.P.9..$..lJ. . .t.§. 
Virtually all the populations are confined to exposed 
sites, with the exception of that at Belmont. In this 
case approximately 30% of the plants in the population 
occur under the canopy of riparian forests. 
3.2.4. GEOLOGY 
The geology of each population has been tabulated as 
quartzite. It became apparent through field observations 
that this rock type is common to all, although there are 
variations in colour and texture (Visser, 1956; Geological 
Survey, 1986a and b). 
3.2.5. SOILS 
i ) ;?.,9.J.J ........ I.Y..P.Sl. 
The strong similarity in the soils of each of the 
populations became very clear once soil pits were dug 
and were inspected. Colour, texture, percentage clay, 
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depth to parent material are all very similar, and 
each soil is classified according to the Macvicar, et 
al (1977) system as Hutton. Dohne (pers. comm.) 
states that it is derived from quartzitic parent 
material and is very stony with approximately 40% 
soil. It is also very sandy with a clay content of 
approximately 8%. It is well drained and aerated, and 
is highly leached with a low nutrient status 
(dystrophic). There are, however, no mineral 
deficiencies and the depth is unlimited. 
i i ) 9..9. .. i. .. 1 ..... .P.H .. 
The results of tests conducted to establish this 
parameter are aiso presented in Table 2. The pH 
values obtained from these tests indicate that the 
soil from each population is fairly acidic, which 
indicates that they are probably well drained and 
leached. 
3.2.6. VELD TYPES 
The populations are located in veld types which Acocks 
(1975) refer to as North Eastern Montane Sourveld (No. 8), 
and Lowveld Sourveld (No. 9). This was confirmed by the 
identification of plant species in the field which .were 
I 
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associated with the cycads. (Appendix A includes records 
of the associated vegetation in the field data forms used 
in the population census.) 
3. 3 ORGANISMS WITH WHICH ENCEPHALAf-?TVS' LAEVlFOLILl5' HAS SPECIFIC 
INTERACTIONS 
3.3.1. ORGANISMS WITH POSITIVE INTERACTIONS 
i ) .P.9.J .. JJ, .. n.9 .. t..9. .. r.:.:?.. 
Most of the work to investigate the apparent role of 
insects in the pollination of these plants has been 
and was carried out by experts in this field and is 
dealt with in the next chapter. However, results from 
the regular monitoring of cones during their 
development and after maturity indicate that insects 
are possibly essential for pollination to occur. 
Fi rs tly, the pollen of E. laevif'ol ius is relatively 
heavy and does not drift in the air like that of other 
Gymnosperms, such as the pines. It falls to the 
leaves and the ground below and is not carried by the 
wind. Secondly, the cone scales of the female cones 
never opened during the period they were being 
• 
monitored. In addition to this, all female cones 
encountered during field work were found to be tightly 
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closed. Only those infected by the apparent pathogen 
(discussed in the following section), together with 
those that were already rotten, had loose cone 
scales. 
ii ) $§!.§l.9. .... P.J .. ?. .. t..r..i.P.w..t.9..r.$. 
,, 
Observation made by the author during this study 
revealed what may be seen as important circumstantial 
evidence. Seen in the context of other published data 
and observations, and considering the dearth of such 
data and the difficulty of obtaining it, all such 
observations must be considered. The consequences of 
the activities of baboon, or the lack of, were 
observed on a number of occasions. Plate No. 4 is of 
the female cone of an £. humilis to which baboon have 
paid attention. This is one of a host of observations 
that indicated the possible role of baboon as seed 
distributors. 
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During the population census of the Swaziland plants, 
the consequences of the absence of baboon, as seed 
distributors, became apparent. Prior to the 
declaration of the Malolotja Nature Reserve, the local 
p~ople hunted all the animals, including the baboon, 
extensively in the area (Boycott, pers. comm.). 
Consequently animal numbers declined dramatically. It 
is onlJ until recently that they have begun to 
return. It was observed that a cone carrying fertile 
• # . 
seed had been f~f t on the plant until such time as it 
fell off of its own accord. The cone broke up at the 
base of the mother plant where the fertile seed began 
to germinate. Plate 5 illustrates this phenomenon. 
Although the detailed discussion on this aspect is to 
follow in the next chapter;. it is necessary to state 
here that this is seen as being important, since had 
baboon been there to pick the ripe cone, the fertile 
seed would have been dispersed instead of concentrated 
at the base of the parent plant. A high seedling 
m6rtality was envisaged because of the seedlings 
having to compete with each other and their mother in 
~uch close proximity to one another. 
60 
Plate 4. The cone of an E. humilis plant to which 
baboon have paid attention. 
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Plate 5. Seed of E. laevi'folius which was not 
distributed by baboon and is now 
germinating in close proximity to each 
other and their mother plant. 
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3.3.2. ORGANISMS WITH NEGATIVE INTERACTIONS. 
i ) ' I . .b.§ ..... ,,,l,.,,§.9..P..9. .. r.9. ....... M.9..:t. . .b ... ,,,,,[£4u ..:.P..r.?..9.P .. !?:.i.?. ....... l.?...9.P.9.. .. Cqin.9.. .• 1. 
Evidence for the presence of this organism was 
recorded ih all of the populations. Most significant 
were the actual sightings of the moth itself within 
the Kaapsehoop populations. The moth, which has 
bright orange wings with black spots, hence its common 
, 
and scienti<:tic names, can be seen in Plate 6. The 
moth lays her eggs on the actively growing tissue of 
the young leaves and, on occasions, young cones of the 
cycads. The caterpillars" which hatch out in early 
spring and/or after rains, devour all tissue that is 
soft enough for their consumption. They can soon 
redube an entire crown of leaves to mere stalks, as 
illustrated in Plate 7. Plate 8 is of a young cone 
of E. laevifol ius which also fell victim to this 
destructive stage of the leopard moth life cycle. It 
was clear in this instance that the damage caused by 
the caterpillars resulted in the pathogenic infection 
of the 8ones. The purple discoloration of the cone 
scales is the symptom of this infection and can be 
clearly seen in this photograph. Although this aspect 
is to be discussed in the following section , it is 
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Plate 5. Seed of E. laevi-fol ius which was not 
distributed by baboon and is now 
germinating in close proximity to each 
other and their mother plant. 
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necessary to mention here that these symptoms 
otherwise appear when the cones reach mat u rity. The 
cones in Plate 8 are approxi mately t wo to t h ree mo n t hs 
old, and E. laevi-folius cones take approximately six 
months to mature. Such evidence was found in all the 
other populations and indicates that none of them are 
free of this pest . 
Plate 6. The Leopard Moth on the leaves of an 
E. humilis. 
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Plate 7. Damage to the leave of a juvenile 
E. laevi-folius by the caterpillars of the 
leopard moth ( Zeronopsis leopardina). 
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Plate 8. An immature cone of E. humilis being set 
upon by the caterpillars of the Leopard Moth. 
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i i ) I..h<:?. ...... ..P.9. .. t. . .h.9..9<:?.D .. i.9. ...... J . .n.f. .. C:?..9. .. t.J .. 9. .. 0.. ...... 9..f. ......... t...h.C:?. ....... f.C:?..r:D..9.J..C:?. ...... G.9. .. 0..C:?..§. 
Being such a specialized aspect of the study, the 
inputs of the author were restricted to the monitoring 
of cones and the gathering of material for 
pathologis~s to work on. The monitoring revealed that 
the symptoms of this infection are as follows; once ,. 
i 
the cone reaches maturity, or full size, a purple 
discolouration sets in from the apex. This 
' discolourat'ion rapidly descends to cover the entire 
cone within a week. As it descends so the cone scales 
and seeds begin to shrivel and rot. The endosperm 
within ·the seeds attains. a glassy appearance and then 
becomes pulpy before drying up and leaving the 
shriveled seed an empty shell. Plate 9 and 10 
illu~trate the appearance of the cone, its scales and 
the seed once it has become infected. 
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Plate 9. A comparison between a healthy and an 
infected cone scale and their seeds. All 
the symptoms described in the text are 
clearly visible in the one on the left in 
contrast to the healthy scale and seeds on 
the right . 
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Plate 10. A female cone of E. laevi-folius which is 
completely infected by the pathogen, except 
for a few fertile seeds towards the base, 
hence the deformed appearance. 
Although the significance is not yet k now n , it was 
established that fertile seed has a resista nce to the 
infection. If left in t he cone on the plant for a 
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prolonged period, it is possible that this to~, will 
eventually become infected. Prior to this study, the 
limited work done on this aspect yielded no 
significant results. Unfortunately, that which was 
carried out during this study has also failed to 
produce an~thing conclusive. 
3. 4. THE ROLE OF FIRE IN THE ECOLOGY OF ENCEPHALF/NTDS LF/EVIFDLIUS 
.. 
AND ITS USE AS A MANAGEMENT TOOL 
• l 
Fire is undoubtedly one of the most important factors in the 
ecology of many South African veld types, and those in which 
E. laeviT"olius occurs are no exception. It must, therefore, 
be assumed that this cycad has adapted to ~eriodic exposure 
to fire. The discussion that follows explores this adaption 
in an attempt to provide guidelines for the correct use of 
fire as a management tool. 
3.4.1. THE ROLE OF FIRE IN THE ECOLOGY OF c:·. LAEVIF'DLIUS 
The most dramatic response of E. laevi'folius to fire is 
the pro~uction of new foliage. Populations inspe~ted soon 
after they had been burnt, revealed only blackened stems; 
to the untrained eye these stems would probably seem 
dead. However, follow-up surveys two to three months 
later, showed all the seemingly lifeless stems to be 
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carrying a full crown of vigorously growing foliage. 
Plate 11 depicts the blackened stem of one of these cycads 
approximately one month after t he fire. The new foliage 
can be seen emerging at the centre of the crown. Further 
observations indicated that the cycads also produce new 
foliage independently of the influence of fire. The 
importance of the role of fire in the ecology of E. 
laevifolius is, therefore, problematic. 
Plate 11. The blackened stem of an E. laevif'olius 
approximately one month after a fire. The new 
foliage can be seen emerging at the center of 
the crown. 
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Another fire response noted is its stimulation of cone 
development. Although a number·of authorities record 
substantial evidence to support this (Beaton, 1982; Giddy, 
pers. comm.), it was only clearly observed in one of 
the E. laevi-fol ius populations. During the census of the 
Belmont population, which took place approximately 
three months after a fire, a large percentage of the 
plants were recorded with cones (see Appendix A). Other 
than this, no specific trend was noted. 
It would have been ideal to have set up a number of 
experiments to investigate the response of the plants to 
fire, but this was not possible. Fortunately each of the 
populations has experienced a different burning regime, 
the details of which are recorded in Table 3. The sizes 
of the populations, as well as their age class 
distributions are also included in an attempt to give an 
indication of the vigour of the population. The 
discussion to follow in the next chapter enlarges on the 
possible correlation between the burning regimes and the 
population vigour. 
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POPULATION BURNING ·REGIME POPULATION VIGOUR 
Frequency Season Population Age Class 
number Distribution 
Starvation Ck 3 yearly late summer ±500 
Belmont 2 yearly late summer 166 
Compartment J No burning 116 
Mariepskop 1-10 yrs variable 55 
Swaziland 1 yearly variable 25 
Table 3. Burning regimes applied per population of 






Legend: A = Adults, J = Juveniles, S = Seedlings. 
3.4.2. THE USE OF FIRE AS A MANAGEMENT TOOL 
Mention has already been made, in the previous two 
chapters, of the limitations placed on the above by the 
Fire Prohibition Period declared annually by the Minister 
of Environment Affairs, under the auspices of the Forest 
Act 1984 (see Appendix C). In addition, mention has also 
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been made of the conflict of interests which possibly 
exists between the use of fire as a tool to manage 
populations of endangered plants, and the protection of 
timber plantations from fire. In this sense the burning 
of the various E. lac'vifolius populations has, until this 
point in time , not being based on ecological 
considerations. Wilson (n.d.) suggested the tri-annual 
burn presently being applied in the Starvation Creek 
Nature Reserve, but there is no record of the reasoning 
behind this decision. The bi-annual burn applied in 
Belmont is based purely on fire protection principles 
(de Villiers, pers. comm.). The population in Compartment 
J has not been exposed to fire in approximately 50 years. 
The existence of a pine plantation in and around the 
population has been the reason for the complete lack of 
burning. The reason for the irregular burning of the 
Mariepskop population is unknown, but it can only be 
assumed that its relative inaccessibility is not conducive 
to management. The fact that the population occurs on two 
different properties further complicates the matter. 
Boycott (pers. comm.) stated that wild fires have crossed 
into Swaziland annually until 1983. Now that the area is 
a declared nature reserve, attempts are made to prevent 
this from happening and limit the burning to every second 
and third year. 
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After comparing the vigour of each population in respect 
to its burning regime, considering the role of fire in the 
ecology of C.". laevifolius, and the basic principles 
propounded by authorities in this field, the "ideal" 
burning program was formulated. (The program and the 
reasoning behind its formulation are discussed in the 
following chapter.) It was then presented to the staff of 
the Berlin State forest who are responsible for the 
management of the Starvation Creek and Compartment J 
populations. They were questioned on the feasibility of 
its flexibility, the extension of the burning frequency to 
four or five years, and the carrying out of burns during 
the winter or early spring as opposed to the late summer 
burns presently being applied. The response was 
favourable and they indicated that all the proposals could 
be accommodated (Byle, pers. comm.). However, they also 
indicated that in order to ensure the safety of the 
adjacent plantations, it would be necessary to combine a 
safe season with a dangerous frequency and visa versa. 
Pohl (pers. comm.) stated that rotations of longer than 
three years allowed an excess build-up of fuel and that 
this constituted a dangerous situation, both for the 
plantations as well as the cycads. If the ecological 
considerations indicated that this was necessary, however, 
it could be accommodated by burning during mid-summer or 
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late summer. On the other hand, burning during early 
spring, that is when the risk of wild fires are at a peak, 
could be accommodated only if the rotation was short. 
3.5. THE ILLEGAL REMOVAL OF HABITAT PLANTS 
3.5.1. THE MAGNITUDE OF THE PROBLEM WITH REGARD TO E. LAEVl'FDLl'US' 
Through regular visi~ation it was possible to gain a 
relatively clear idea of the above, with the exception of 
the Swaziland population which was only surveyed on one 
occasion. The observations made in this regard are 
briefly discussed below per population. The occurrence of 
a theft was recognised firstly by the disappearance of a 
well known individual, or one that was specifically 
tagged; and secondly, by the pile of dead leaves, which 
were clearly cut off with a sharp instrument, close to the 
hole where the plant once stood. 
i) .K.9..?.P.?..@h.9..9.P 
a) Starvation Creek 
Although only one theft was recorded during the 
course of this study, there is reason to believe 
that a large proportion of this population has been 
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removed in the recent past. The existence of adult 
plants in the gardens of the C.S.F.R.I., the office 
at the Berlin Forest Station, the Wayside Inn at 
Waterval Onder (±30km west of Berlin), and a number 
of private land owners in the vicinity is clear 
evidence of this. Table 2 indicates that the 
predominant slope on which these plants occur is 
30°. The suspected inaccuracy of this observation 
is to be discussed in the following chapter, but it 
is possible that many more plants formerly occurred 
on the flat plateau areas, and it is these more 
accessible individuals that have suffered from 
poachers. 
b) Belmont 
This population is mostly concentrated at the 
bottom of a large basin and it takes approximately 
two hours walking to reach the first plants. It is 
possibly for this reason that no incidents of theft 
were recorded here. 
c) Compartment J 
A theft frequency of approximately one plant per 
month was recorded for this population. 
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i i ) M.9...r. .. i .. §P?. .. k.9..P.. 
This population was first surveyed by Dr. P. Vorster 
in 1970 (Vorster, pers. comm.). He recorded 16 groups 
of plants with a total of 75 stems. The detailed 
survey carried out by the author and the monitor team 
from the Flora section of T.P.A.N.E.C. in 1989 also 
revealed the 16 groups, but only a total of 55 stems. 
This means that twenty stems have disappeared over the 
last twenty years. 
i i i ) $.!6!.9..~ ... i.1.9. . .n.g! 
As already stated above, it was not possible to record 
any thefts from this population as it was only visited 
on one occasion. No evidence of recent thefts were 
recorded. Its extremely small size, nevertheless, 
does indicate something untoward. 
3.5.2. A CRITICAL REVIEW OF THE RELEVANT LEGISLATION 
The legislation referred to above is the 1973 Convention 
on International Trade in Endangered Species of Wild Fauna 
and Flora (CITES) at the international level, the Forest 
Act of 1984 at t~e national level, and the Nature 
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Conservation Ordinance of the Transvaal (12 of 1983) at 
the provincial level. Research into this aspect revealed 
a number of short comings in the above which are discussed 
in the following chapter, and for which recommendations 
are made in Chapter Five. 
3.6. POPULATION ENHANCEMENT AND RE-ESTABLISHMENT 
No actual results were achieved by the author during the time 
allotted to this study, although experience was gained with 
regard to the collection and storage of pollen, and hand 
pollination. 
Although a number of areas were identified for the possible 
re-establishment of populations, this almost romantic ideal has 
fallen prey to the cold realities of practicality. It was 
established that such a re-establishment operation will be very 
expensive and difficult to keep from the knowledge of the 
enthusiastic collector and horticulturist. All thoughts of 
promoting such an idea have, therefore, been shelved as it would 
not be practical to go to all the effort of arranging and 
carrying out the re-establishment of a population if its security 
could not be guaranteed. The emphasis was, therefore, placed on 
the ex situ propagation of plants for the enhancement of existing 
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populations. The various methods one can follow to achieve this 






4 . QJ_§_QV..§.§ _ ;tQ.N. 
The purpose of this chapter is to discuss the results as listed 
in the latter, together with those of other researchers and 
authorities in the field of cycad ecology and management. 
4.1. POPULATION CENSUS 
Although the results obtained from the population census are 
relatively accurate and much effort was put in to ensure this, 
they must not be seen as being absolute. They must be added to 
the existing data from Kluge (1981) and Vorster (pers. comm.). 
With subsequent surveys and the addition of more data, one will 
eventually be able to gain an idea of the population dynamics 
of E. laevifolius. 
The results of the census are clearly indicated in Table 1 and 
are discussed per population below: 
i ) $. .. t..?. .. t::.Y.9. .. t..~.Q..!J ...... G...r..~.C?. .. k. 
Table 1 shows three sets of data for this population. 
The first is the total number of plants obtained from an 
aerial survey carried out by the T.P.A.N.E.C .. It is 
possible that plants that are completely, or even 
partially, under the canopy of trees growing in close 
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proximity to the cycads, were overlooked. It is, 
therefore safe to assume that this total is slightly 
less than the actual number at the time of the survey. 
The two plots listed in Table 1 were not specifically 
set out for use in this study, but for the annual 
monitoring actions of the Flora Unit of the 
T.P.A.N.E.C .. It was, however, convenient to use them 
to provide an indication of the age class distribution 
and sex ratio. The plots are not randomly situated 
within the population, but are placed so as to encompass 
at least one group of plants each. Plot A is 1500m2 and 
plot B is 750m 2 , their size being dependent upon the 
distribution of the individual plants within the 
specific group. The detailed surveys carried out in 
these plots (see Appendix A) established that the 
Starvation Creek population has substantial evidence of 
sexual propagation. This suggests agreement with 
Gilliland (1967), Jacobsen (1973), Oosthuizen (1978), 
Kluge (1981) who state that this population is 
flourishing. 
i i ) ~ .. S?..lrn.9 n.t.. 
This may be the second largest population, as 
illustrated in Table 1, but there is reason for concern 
as regards its viability. The very low percentage of 
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juveniles and seedlings indicates that it is not as 
flourishing as the population in Starvation Creek. The 
possible reasons for this will emerge in the discussion 
on the use of fire as a management tool in section 4.4. 
i i i ) G..9..m.P..?. . .r.:: .. t..rn.§ .. n.t.. ...... J.. 
The percentage of juveniles and seedlings in this 
population are greater than those in the plots in 
Starvation Creek. Therefore, even though the total 
number of plants is less, it would seem that this 
population is also flourishing. The actual area covered 
by this population is approximately 80 - 100ha, while 
that of the Starvation Creek population is approximately 
350 -400ha (areas estimated from 1:50000 topographical 
maps). Considering this comparison, it can safely be 
stated that the Compartment J population is flourishing 
in terms of the total number of plants and the age class 
distribution. 
iv ) M9. .. r.: .. i .. S?.P.?. .. k9.P ....... ?. .. n9 ...... $.\'.':!.?.?. .. i.1?. .. n9. 
These two populations are discussed together as they are 
both in a critical condition, that is in terms of their 
total number of plants and the age class distributions. 
The Mariepskop population is at the northern most pole 
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of the cycads distribution range, while the Swaziland 
population is at the southern most pole. Although the 
total number of individuals is low, the most serious 
concern is the complete lack of sexually propagated 
off-spring. Of the two, the status of the Mariepskop 
population is slightly l~ss critical. It has more than 
twice the number of plants and they are concentrated in 
an area of less than 1km2 , at a density of 1.8ha per 
plant. The plants in the Swaziland population are 
sparsely located in an area of 1.6km2 , at a density of 
10.2ha per plant. 
4.2. BASIC HABITAT REQUIREMENTS 
4.2.1. CLIMATE 
Basically all of the populations are found in areas of 
high summer rainfall and which experience extremes in 
temperatures. In summer the maximum may be in excess of 




The mean altitude of the Kaapsehoop populations is almost 
equal to the average of the means of the Mariepskop and 
Swaziland populations. The fact that two of the 
Kaapsehoop populations have been classified as flourishing 
in section 3.1. supports the assumption that they occur 
at the most suitable altitude. Perhaps another indication 
of the suitability of this approximate altitude, is that 
the average difference between maximum and minimum 
altitude is less than that between the Mariepskop and 
Swaziland populations. The latter have differences of 
300m and 350m respectively, while the average difference 
of the Kaapsehoop populations is 150m. It seems, 
therefore, that the ideal al ti tu de for /!:.". laevifol ius is 
approximately at 1300 ± 150m. 
4.2.3. GEOMORPHOLOGY 
i ) P .. r..si9.9m.i..n.?..JJ .. t. ....... $..l9.P..si. 
Although a number of individual plants are found on 
the plateau above the Starvation Creek and Compartment 
J populations, the rest all occur on the slopes. It 
is immediately tempting to conclude, therefore, that 
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this is a habitat requirement. It is, however, 
possible that many plants occurred on the plateau in 
the recent past. The abundance of evidence of thefts 
leads one to assume that the plants on the plateau, 
being far more accessible than those on the slope, 
have been drastically reduced in number. This being 
the case, then the impression that an average slope of 
30° is a habitat requirement is possibly a 
misconception. 
i i ) A?.PS?.9 .. t. 
Although the results of the statistical analysis of 
the aspect data indicate rejection of the null 
hypothesis at a low level of significance (see section 
3.2.3. (ii))' Fig. 2 indicate.s a definite trend towards 
the colonization of the warmer northern, north western 
and western slopes. In addition to this it is 
interesting to note that plot A in the Starvation 
Creek population is situated on a north north westerly 
aspect, while plot 8 is on a south south easterly 
aspect. The former has a much greater percentage of 
juveniles and seedlings than the latter, which 
suggests that the warmer slope is more suitable for 
the growth and survival of the cycad. 
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iii ) P..i..?. .. t..9..og.~ ....... f. .. .r.:.9..m ....... P . .r.:.9. .. t.o.9..9.§ ....... k .. ~D.§. 
The distance at which plants are found from drainage 
lines varied within all the populations, and although 
there are cases where plants are growing immediately 
adjacent a stream, they are always in well drained 
soil. 
iv ) f:.X.P.9.§..1,,1 .. [§. 
The occurrence of almost 30% of the plants of the 
Belmont population within the riparian forest, 
together with the concentration of the rest of them 
along the main drainage lines of this area, begs 
explanation. It is also interesting to note that this 
distribution pattern is unlike the other four 
populations. The most obvious reason seems to be the 
fact that the recorded burning frequency in this area 
is every two years. This may have been too frequent 
for the survival of plants outside the protection of 
the riparian zones. Considering, however, that the 
plants in the Swaziland population are all exposed and 
have a history of annual burns, the theory looses its 
impetus. On the other hand, the bi-annual burn may 
have allowed sufficient build-up of fuel to cause the 
death of exposed plants in the Belmont population, 
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while the annual burning in the Swaziland population 
kept the fuel load down and ensured a cool burn, and 
hence the survival of cycads in exposed localities. 
4.2.4. GEOLOGY 
The parent material within all the populations is 
quartzitic. 
4.2.5. SOILS 
i ) $9.J .. l ... .I.YP..El 
The soil type within all the populations was basically 
the same; that is a well drained and leached, 
dystrophic, and sandy Hutton. 
i i ) $.9 .. i.J ..... .P.H 




The analysis of the habitat components of each population 
of c:·. laevi'folius indicates that the following may be 
construed as being basic habitat requirements: 
- high rainfall with an average of approximately 1100mm 
per annum; 
- absolute maximum temperatures of approximately 31°C and 
absolute minimum temperatures of approximately -5°C. 
- a mean altitude of 1300m (A.M.S.L.) with a range of 150m 
above and below the mean; 
- northerly, north westerly and/or westerly aspects; 
- geology in which quartzites predominate; 
- a Hutton soil type with a pH of approximately 4.71;and 
- a veld type which is either North Eastern Montane 
Sourveld or Lowveld Sourveld. 
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Although organisms which have significant interactions 
with the cycad are discussed in section 3.3., it is 
pertinent to mention at this stage that there are 
indications that specific insects, fulfilling the role of 
pollinating agents, are essential components within the 
ecology of E. laevirolius. They may, therefore, be 
classed as being habitat requirements. In this same 
theme, baboons may also be placed in this category as they 
seem to be essential as seed distributing agents. 
The investigation into the habitat requirements was 
relatively superficial, but proved interesting to compare 
the habitat components of each population with the set of 
basic habitat requirements. All the Kaapsehoop 
populations fulfil the requirements with very little 
deviation.· The Mariepskop population's minimum altitude 
is higher than the maximum at Kaapsehoop but otherwise 
there are no significant deviations. The Swaziland 
population has two deviations, namely, the maximum 
altitude is equal to the minimum of Kaapsehoop, and the pH 
is high than all the other populations (but not 
' 
significantly). 
It is possible to make a preliminary assumption that the 
Kaapsehoop populations are apparently flourishing because 
their habitat requirements are being met, whereas, the 
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other two populations have habitat components which are at 
the extremes of the habitat requirements. This could 
possibly explain their low population numbers and lack of 
sexual propagation. 
4. 3. ORGAN ISMS WITH WHICH ENCEPHALAl? TOS' LAEVJFOLJVS' HAS SPECIFIC 
INTERACTIONS 
4.3.1. ORGANISMS WITH POSITIVE INTERACTIONS 
i ) pqJ.J.i..n9. .. t..9. .. r.?. 
When questioned about the optimum size for a sexually 
viable population of cycads, Giddy (pers. comm.) 
stated that there should be no fewer than twenty 
individuals in the population. Kluge (pers. comm.) 
suggested that considering their longevity, a 
population of two plants of the opposite sex could be 
sexually viable. (Although personal observations 
indicate that the latter statement is true it must be 
emphasized that a population must be as large as 
possible to be genetically sound.) Cycads need to 
produce male and female cones simultaneously so that 
pollen is available for the female cones when they 
mature. Kluge (pers. comm.) continued to suggest that 
the sexual viability may ultimately depend upon the 
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presence of specific pollinating agent/s. This 
statement led to further investigations, as until this 
point in the study it was believed that wind was 
responsible for pollination. The investigation 
revealed three theories; firstly, that cycads are wind 
pollinated; secondly, that they are insect pollinated, 
and thirdly, that both wind and insects play a role in 
their pollination. 
a) Information in Support of Wind Pollination: 
- Wind pollination is a wasteful method of 
pollination, and, therefore, immense amounts of 
pollen are produced. 
- The number of male cones usually outnumber the 
female cones. 
- The male cones do not all mature at once, thereby 
ensuring that pollen is available over a long 
period of time. 
- When the male cones mature they elongate and the 
cone scales become well spaced so that the pollen 
may easily be dispersed by the wind. 
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- The cone scales and seeds in the female cones are 
spirally arranged around the cone stalk so that 
when the pollen enters the cone it is effectively 
distributed. 
- The fleshy covering of the seeds is smooth and 
offers no hindrance to the pollen which must 
reach the micropyle end of the seed which is 
nearest the cone axis. 
b) Information in Support of Insect Pollination: 
- Pearson (1906) and Rattray (1913) record that the 
male cones of E:.". villosus emit a powerful aroma 
which could be responsible for the presence of 
the weevil Porthetes hispidus which they found on 
the cones. 
- Rattray (1913) states that he found ~ntliarhinus 
weevils in both male and female cones of £. 
altensteinii. Their role as pollen vectors i? 
suggested by the fact that many pollen-bearing 
individuals were found within female cones. 
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- Marloth (1916) records the collection of two 
species of PorthetBs from E.". ca'f'fBr, and states 
that 11. zamia is the principal agent in the 
pollination of E:.". al tenstBinii and E. villosus 
- After her investigation into the reproduction in 
a natural population of the cycad Zamia pumila in 
Puerto Rico, Newell (1983) suggests that further 
research is necessary to determine what the 
pollination agent is, indicating that it may be 
an insect or insects. 
- Norstog, et al (1986) state that a snout weevil, 
Nhopalotria mollis, is found to complete the 
reproductive phase of its life cycle upon and 
within male cones of the cycad, Zamia 
'fur-furacBa. The pollen-coated adults visit 
pollen-receptive female cones and are 
nondestructive to ovules and seeds. 
- Tang (1987) determined that two beetles, 
Pharaxonotha zamia and l?hopalotria slossoni, were 
definitely responsible for the pollination of Z. 
pumila. 
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- Norstog and Fawcett (1989) add to the findings of 
Norstog, et al (1986) by stating that l?. mollis 
is apparently host specific to Z. "furturacea. 
They found that toward the end of the breeding 
season of both the weevil and the cycad, some 
larvae enter diapause in thick-walled pupal cases 
within microsporangial stalks of pollen-spent 
cones. These remain in diapause until the next 
reproductive season of the cycad. 
- Jacot Guillarmod (1958) recorded temperature 
variations in the male cones of Efu::,'ephalartos 
species, and a cyclic heating pattern 
in the male cones of Nacrozamia moorei was 
discovered by Tang, et al (1987). Further 
investigation by the latter authors showed that 
this phenomenon, known as thermogenesis, appears 
to direct specific insect pollinators to the male 
cones. They obtained similar results from five 
cycad species, including E. "ferox and 
E. hildebrandtii. 
- Stobart (1989) reports on preliminary 
investigations into the role of insects in the 
pollination of t.". alt'enst'einii. Sequential 
sampling revealed nine beetle species occurring 
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on either the male or female cones, eight of 
which were curculionids. Of these, four species 
occurred regularly on cones of both sexes, and 
photographic evidence that pollen was transferred 
from male to female cones was obtained for two of 
the species. 
- The weevil Plat,vmerus has been recorded on both 
the male and female cones of E. 
friderici-guilielmi (Oberprieler, 1989). The 
female cone of this S.A. cycad is woolly and he 
observed that the wool greatly impedes the entry 
of pollen into the cone, and the Plat,vmerus 
definitely carry pollen on their bodies. It, 
therefore, appears that this weevil is 
responsible for the pollination of this cycad 
species. 
- Many weevils of the genus Porthetes were found 
in both larvae and pupae stages in an old male 
cone of E.". laevifolius in the Belmont population 
(Oberprieler, pers. comm.). (This is a new 
species which is as yet undescribed.) Porthetes 
usually develop in semi-decaying scales of male 
cones and some have been known to attack the 
female cones of Eastern Cape cycads. 
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- Donaldson (pers. comm.) states that there are at 
least three species of Port'het'es which appear to 
be host specific. He reports that P. hispidus 
carries substantial pollen loads and that this 
may also be true for the new species from 
E. laevi'folius. He also states that pollen 
baring individuals of the cycad weevil, 
~nt'liarhinus zamiae, visit both male and female 
cones of E. natalensis and E. villosus. This 
insect may, therefore, be a pollinator of its 
host cycads, although it has never been recorded 
from wild populations of E. laevifolius. 
- It is evident that the cone scales of E. 
laevi'folius do not open to allow the entry of 
wind borne pollen. During the course of this 
study a female cone was monitored every three 
days, for the entire duration of its development, 
in an attempt to observe an opening of the cone 
scales. Unless this occurred over a shorter 
period, the scales never opened. When consulted 
with regard to the hand pollination of this 
cycad, Giddy (pers. comm.) suggested that two to 
three of the sterile cone scales at the apex of 
the cone be removed to facilitate the entry of 
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the pollen. If one has to go to such lengths for 
hand pollination, surely nature must provide a 
vector more penetrating than the wind. Perhaps a 
vJeevi 1? 
The pollen grains of E. laevifolius do not have 
air sacs or relative appendages to assist them in 
being carried by the wind (Hertog, pers. comm.) 
- Tang (1987) found that a drop of fluid which is 
secreted through the micropyl of the ovules of 
2~mia species, at the time of pollination, 
contains simple sugars and amino acids in a 
mixture similar to the nectar of higher plants 
(angiosperms). He suggests that these droplets 
might serve as a reward for the visiting insect 
pollinators. 
-
c) Information Supporting a Combination of Wind and 
Insect Pollination: 
- Investigations by Niklas and Norstog (1984) 
have shown that some cycad cones have aerodynamic 
features which trap wind borne pollen on the 
scales. From here it is possibly carried in by 
insects. Oberprieler (1989) also makes this 
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suggestion with regard to the pollination of E. 
f'riderici-guilielmi where the wind borne pollen 
is trapped in the wool of the cone scales and is 
carried into the cone by insects. 
Although there is little direct evidence with regard 
to the involvement of insects in the pollination of 
E. laevif'olius in particular, it would be wise to 
follow the advice of Osborne, et al (1988) and 
Oberprieler (1989). They suggest that further 
research is essential in this regard as the close 
association of insects and cycads in general 
emphasizes the need for the conservation of the 
·habitat and not just the species. Finally, programs 
for the re-establishment of cycads must include a 
program by which it will be established which insects, 
if any, are responsible for the pollination. Until 
such time as this is established, hand pollination 
needs to be carried out. 
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i i ) $.@.@.9. ...... Q i..?. .. t...r. i..l;:?..\:!. .. t..9. .. r..?.. 
a) The Need for the Seed to be Distributed. 
The previous discussion on pollen vectors 
illustrates the value of fertile seed to the 
population in which it is produced. It would be 
very unfortunate if such valuable seed was wasted 
because of the absence of the necessary seed 
distributors. If seed is left to fall to the 
ground at the base of the mother plant, the 
seedlings that emerge have to compete with each 
other and the mother plant for light, water and 
nutrients (Giddy, pers. comms. and Tang, 1988). A 
high density of seedlings under the mother plant 
may also make them more prone to predation by 
baboons (Tang, 1988), or browsing by small antelope 
or domestic stock (i.e. in the case of the Belmont 
population). A single seedling would be far less 
noticeable that a concentration of seedlings. This 
point will be of greater significance if it is 
established that the cycad seedlings are 
selectively browsed. Observations made by the 
author indicate that this may be the case. 
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Unlike the cones of other cycad species such as E. 
'ferox, E.". laevi'folius cones do not break up on 
their own but are serotinous (i.e. they remain 
intact on the plant for a relatively long time). 
It is, therefore, essential that the cones receive 
"assistance" in both releasing and distributing 
their seeds. 
b) Aspects of E. laevi'fol ius Morphology that Ensure 
Seed Distribution. 
Tang (1988) refers to primary and secondary 
features for seed dispersal and both are applicable 
to E. laevifolius. The primary feature is the 
edible fleshy coat which surrounds the seed 
kernel. It is not only edible, but also brightly 
coloured and the colour probably serves to attract 
the organisms responsible for seed distribution, 
while the edible fleshy coat functions as a food 
reward as they disperse the seed. The seed kernel 
itself is toxic, which dissuades seed distributors 
~ from becoming seed predators and restricts them to 
feeding only on the fleshy coat. It is, 
unfortunately, not clear as to exactly how the seed 
distributors are aware of the toxicity of the 
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seeds. It is possible that experience has taught 
them that seed consumption causes illness or even 
death (Norstog, pers. comm.). 
The secondary features are t~e seed colour, cone 
. 
form and cone colour, and the foliage. E. 
laevi'folius has a glossy orange coloured seed and 
besides being effective in displaying the seed, it 
also contrasts well with the surrounding green 
vegetation. Although the latter is important, the 
fact that the cones are serotinous places the 
emphasis of attraction on the cone itself. Mature 
E. laevi'fol ius cones a re relatively large 
(approximately 30-40cm in height and 15-20cm in 
diameter) and are yellow in colour, making them 
highly visible from a distance. From closer, the 
contrast of colour between the orange seed coating 
and the yellow cone may also be attractive to 
appropriate vectors. Assuming that baboon do have 
colour vision, this factor would serve to prove that 
they are a seed distribution vector, whose function 
as such is assisted by the cone/seed colour 
contrast. 
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Foliage also seems to be an important factor. As 
the cones develop the leaves are pushed. out so that 
they spread to almost being at right angles to the 
stern. E. lae·vi'fol ius have yellow rachises (leaf 
sterns) which emphasizes the spread of the leaves 
and forms a pattern akin to the spokes of a wheel. 
This may serve to focus the attention of the seed 
distributors, especially if the plant is viewed 
f rorn above. 
c) The Seed Distributors of E. laevi'folius. 
In addition to the observations listed in section 
3.3.1.(ii), Giddy (1984) and Tang (1988) list a 
number of small mammals and birds involved with the 
dispersal of cycad seed. Kluge (1981) and Fourie 
(n.d.) mention the specific role played by baboon. 
Both have observed baboon breaking off female cones, 
carrying them off for a considerable distance and 
then dismantling it to get to the seed. The fleshy 
outer covering is then chewed off and the seed 
kernel discarded. The latter observations were made 
in the Kaapsehoop populations, while observations 
indicating the need for the involvement of baboon in 
the Swaziland population have been recorded in 
section 3.3.1.(ii). It would appear, then, that 
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baboon is a very important component of the ecology 
of t ... laevirolius. It is, therefore, unsettling to 
know that they are classified, both in the Forestry 
Act of 1984 and the Nature Conservation Ordinance of 
the Transvaal (12 of 1983), as a problem animal due 
to the damage they cause to timber plantations. 
Plantation managers trap and shoot baboon whenever a 
troop begins to cause damage. It is essential, 
especially with regard to the Kaapsehoop 
populations, that the importance of the baboon in 
the ecology of the cycad is recognised. A 
compromise must be sought that will satisfy both 
plantation managers and the cycads. Either the 
baboons must be left to carry out this function, or 
if the plantation managers still feel it necessary 
to eradicate them, this function must be carried out 
artificially. The other alternative is for all the 
female cones to be collected when mature and for the 
fertile seed to be distributed to appropriate 
Botanic Gardens for cultivation and eventual 
re-establishment into the population from which it 
was collected. 
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4.3.2. ORGANISMS WITH NEGATIVE INTERACTIONS. 
i ) I.h§ ........ k.~9.P..9. . .r..~ ...... M.9 t. . .h ........ C£§ . .C.9D.9.P.$..4~.$. ....... l.?..9.Q9.' .. c1.,,(o9.'1 
a) The Consequences of its Presence within the 
E. laevi'folius Populations 
Giddy (1984) states that museum records indicate 
that this moth is found only in the coastal areas 
from Uitenhage, through the Eastern Cape, into 
Natal and inland as far as Eshowe. She continues 
by issuing a warning that the injudicious 
translocation of plants to inland areas would 
result in this serious pest being introduced into 
the Transvaal. 
Her reference to the moth being a "serious pest" is 
possibly because the emphasis of her publication is 
on the cultivation of cycads. However, knowing her 
genuine concern for these plants in their natural 
environment, it can safely be stated that her fears 
extend beyond the spheres of domestic cultivation. 
Even if it is only indigenous to the areas she 
describes it could easily become a pest in others. 
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On the other hand, if its natural distribution does 
extend further inland then it must be accepted as 
part of the cycad's natural ecosystem. 
Recent communications with an entomologist from the 
Plant Protection Research Institute in Pretoria 
(P.P.R.I.) indicate that the Leopard Moth is possibly 
indigenous to the Transvaal (Oberprieler, pers. 
comms.). Considering that the cycad is an endangered 
species, the moth must be seen as a pest and a threat 
to the cycads. In which case the fears expressed by 
Giddy (1984) have already become a reality. All 
three stages in the life cycle of the moth have been 
recorded in the Kaapsehoop populations, and evidence 
of its presence have been recorded in the other two. 
Norstog (pers. comm.) states that in Florida and 
Mexico, lepidopterans seem to use visual clues to 
find food plants. Personal observations have 
indicated that this may well be the case with regard 
to the Leopard Moth. After an area has been burnt 
and all moribund material removed, the blackened 
stems of the cycads stand out very clearly. They 
are, therefore, highly visible to the moth at this 
s~age. However, juvenile plants without stems are 
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also used by the moth. The newly forming whorl of 
leaves probably serves to attract the moth to plants 
in this age class. 
b) Control Methods and their Feasibility. 
There are both direct and indirect methods that 
could be applied to control the Leopard Moth. The 
direct methods would entail the use of chemical 
insecticides. If the eggs of the moth have already 
hatched, a contact insecticide should destroy the 
caterpillars. Repeated applications every eight to 
ten days should destroy those that hatch later as 
contact insecticides do not appear to destroy 
dormant eggs (Giddy, 1984). A systemic insecticide 
that remains effective for a relatively long period 
of time would perhaps be more practical to apply 
than the latter. It would not be necessary to wait 
for the eggs to hatch before applying the chemical, 
but could be done so where and when eggs are 
found. Applications could then be repeated at 
intervals corresponding to the time it takes for 
the chemical to lose its effectiveness. 
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A potential indirect method of controlling the moth 
concerns the use of fire. This could be achieved 
by manipulating the time of leaf emergence to 
coincide with the dry season. A mid-winter burn 
would stimulate the leaves to emerge with 
sufficient time to mature and become hard, leathery 
and unpalatable before the onset of spring when the 
caterpillars hatch. There would, therefore, be no 
soft tissue for them to feed on and they would have 
to find an alternative source of nutrition, or die. 
The latter method is the most feasible for two 
reasons. It would be tragic if potential pollen 
vectors were destroyed by chemical insecticides 
while fulfilling this extremely important role. 
Coning plants could be excluded from the treatment 
( 
but it is possible that these insects frequent 
plants without cones as well. It is also possible 
that if all the plants without cones are treated 
the moth and its caterpillars would then 
concentrate on those plants with cones. This would 
be most undesirable and emphasizes the fact that 
utmost caution needs to be exercised when and if 
chemicals are used. 
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Furthermore, while the use of chemicals on plants 
in cultivation is not a problem, the relative 
inaccessibility of the natural E. lae·vi"folius 
populations makes the implementation of such 
prescriptions basically impossible. If there were 
sufficient personnel employed specifically for the 
protection of these plants, then regular patrols 
could be carried out and the prescriptions could be 
applied with ease. If this was the case, then the 
most efficient means of controlling the 
caterpillars would be to physically pick them off 
into a container of petrol or similar liquid 
(Norstog, pers. comm.). This is unfortunately not 
the case and it is highly unlikely that such 
personnel will ever be available. 
i i ) I..h.12 ....... P.?. .. t..h.9..9.§l.n..i.9. .... J ... nf .. §l.9..t...i.9..n ...... .9..f ....... t. .. h.§l ..... f.§l.m.?..l§l ....... G..9..n.§l.?. ... , .. 
a) The Significance of the Infection 
During the initial stages of this study there were 
indications that all was not well with the sexual 
reproduction of E. laevi'fol ius. Oos thuizen ( 1978, 
pp.38) records that, "over the past few years the 
female cones have begun to rot on the plants.". 
He expresses concern at the possible threat this 
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infection could have on the plants and records 
that only 2.6% of 18899 seed collected in March 
1978 escaped the infection. Kluge (1981) records 
that in 1975, 99% of the seeds were rotten, and in 
1976 only seven fertile seeds were found out of a 
total of 3600. All of these observations were 
made in the Starvation Creek population, while all 
the other populations have also produced 11ttle or 
no fertile seed during the duration of this 
study. In addition, they have also displayed the 
symptoms recorded in section 3.3.2.(ii). 
It is possible that the above was also assumed by 
Kluge (1981) as he records that female cones were 
sent to P.P.R.I. at Stellenbosch. Although a 
number of saprophytic fungi were found, the 
feeling was that the cones had already been 
infected by a parasitic fungus while still on the 
plant. Kluge (1981) states that it is not known 
whether this infection is an old or a new 
occurrence, but suggests that it deserves further 
investigation. 
Giddy (1984) and Tang (1988) both record E. 
laevirolius as having yellow female cones, although 
during the entire four years of the present study no 
110 
such cones were encountered. They were all, or soon 
became infected. It may be that without the 
influence of the infection, the cones become yellow 
once they reach maturity and have been pollinated, 
thus attracting the seed dispersal agents. 
Considering the above, it seems safe to conclude that 
this infection is a new occurrence and that the fears 
expressed by Oosthuizen (1978) are real and must be 
heeded. If one considers that fertile and infertile 
cycad seeds are morphrilogically identical, then this 
infection should not be coupled to the failure of 
pollination. Under normal circumstances, the only 
difference between fertile and infertile seed would 
be the absence of an embryo in the latter. Both 
should remain healthy until either germination or 
predation by insects. The presence of this infection 
is, therefore, a problem for potential insect 
g rani vo res, as wel 1 as for the t:·. laevif'ol ius plants 
themselves. 
Although the above discussion basically proves 
that the failure of pollination is not necessarily 
a reason for the infection, the only seeds to have 
survived the infection seem to be fertile seeds. 
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This observation has been discussed with various 
pathologists but its significance is not yet 
clear. 
b) Results From Work Carried Out by Various 
Pathologists 
Pathologists at C.S.F.R.I. in Nelspruit were 
approached with the request that they attempt to 
isolate and identify the responsible pathogen. 
Their work indicated the presence of a f'usarium 
fungus (Oosthuizen, pers. comm.). They could, 
unfortunately, not say whether it was the pathogen 
or a secondary infection. Reference was then made 
to a pathologist at P.P.R.I. in Pretoria who was a 
specialist on f'usarium. His work indicated that a 
fungus, identified as f-"usarium pol,Y'Ph.vl.vticum, was 
responsible for the infection (Anelich, pers. 
comm.). Due to the fact that the material upon 
which he worked was relatively old and that the 
possibility of secondary infections existed, he 
suggested that a pathologist at C.S.F.R.I. attempt 
further isolations with fresher material. 
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Contact was made with a pathologist at C.S.F.R.I. 
and he was provided with cones that were showing 
the first signs of infection. Thompson (p~rs. 
comm.) related that the cones were cut in two and 
small pieces of tissue were cut out of the 
infected area with a scalpel. Care was taken to 
ensure that each piece was not artificially 
contaminated and they were then placed on a 
variety of growth mediums. No f"usarium fungus was 
isolated and the only consistent isolation 
revealed a bacterium, and a fungus of the 
Basidiomycetes (Thompson, pers. comm.). The fact 
that these results radically contrasted with those 
of the pathologist at P.P.R.I. led to the 
suggestion that the plants be treated against all 
possible pathogens (Grech, pers. comm.). The 
following treatment was prescribed by Grech (pers. 
comm.): 
- citromycin at 1 gram/liter and captab or dithane 
at 1.5 grams/liter, to be applied in solution to 
the cones and crown of the plants, and 
- temik at 50 grams/plant, to be sprinkled on the 
ground around the base of the plants. 
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- Treatment to be applied once a month from cone 
emergence until the cones reach maturity, i.e. 
once a month for approximately six to seven 
months. 
Shortly after this treatment was suggested, the 
author established that three of the female plants 
in the gardens of C.S.F.R.I. were beginning to 
cone. The treatment was immediately applied with 
the assistance of their staff. An additional 
bonus was the production of cones by a male 
plant. The pollen was collected by the nurseryman 
of the institute and frozen to pollinate the 
female cones once they had reached maturity. 
In essence this exercise was totally artificial 
and would be impractical in real management 
situations. Even if it was successful, its 
implementation within the natural populations 
would face the same limitations as those discussed 
with regard to the control of the Leopard Moth. 
It was, however, necessary as the results would 
give an indication of which direction further 
research was to move. 
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Treatment of the cones and their plants was 
stopped when the cones reached maturity, and the 
cones of one of the plants were hand pollinated. 
The cones of the plants that were not pollinated 
soon developed the symptoms of the infection. 
Although the pollinated cones did not become 
yellow as expected, they retained their relatively 
healthy appearance. 
The results thus far were discussed with the 
pathologist at C.S.F.R.I., and it is now felt that 
the failure of the prescribed treatment to prevent 
the infection, indicates the possible involvement 
of a virus (Thompson, pers. comms.). If this is 
not the case, then the problem may be the result 
of a physiological disorder. 
Baines (1989) reports on preliminary work that has 
been carried out by S.A.F.R.I. on symptoms of 
possible atmospheric pollution in Pinus patula in 
Natal and Transvaal. The areas in which the highest 
occurrence of symptoms were recorded corresponds 
almost directly with both of the Transvaal 
populations of E. laevi-folius, as well as the 
Swaziland population. The difficulty being 
experienced in isolating the apparent pathogen and 
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4.4. FIRE 
preventing its infection of the cones, as well as 
this preliminary evidence of possible atmospheric 
pollution, suggests that the latter may be the cause 
of the rotting of the cones. It would possibly be 
best to continue monitoring the situation and wait 
for the results of the S.A.F.R.I. project. 
ITS ROLE IN THE ECOLOGY OF E. Lf1EVJFOLJV5' AND ITS USE 
AS A MANAGEMENT TOOL. 
4.4.1. THE ROLE OF FIRE IN THE ECOLOGY OF E. Lf1EVJFOLJV5'. 
As mentioned in section 3.2., E. laevifolius occurs in 
Acocks veld types 8 and 9, namely North Eastern Montane 
Sourveld and Lowveld Sourveld. Both of these veld types 
experience fire by both natural and unnatural causes and 
it is most likely that the plants have adapted to survive 
periodic exposure to fire. Norstog (pers. comm.) states, 
however, that fire could be detrimental to the survival of 
cycads in general. He motivates this statement by 
referring to mature, even senescent, foliage as being the 
defensive armor of a cycad. Fire removes this defensive 
feature and provides easy access to the young and 
succulent juvenile foliage. However, at no time during 
the course of this study were observations made to support 
these fears. He also expressed the fear that fire will 
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have a detrimental effect on populations of insects which 
may be pollen vectors. Oberprieler (pers. comm.), 
however, states that these fears may be unfounded as his 
observations indicate that the insects are protected 
amongst the persistent leaf bracts of the cycads. Grove, 
et al (1980), state that the characteristics of the growth 
of the Australian cycad Nacroz:amia riedlei demonstrate its 
adaption to recurrent fire. It is, therefore, possible 
; 
that this is also the case with E. laevi-folius. The 
discussion that follows should bear witness to this 
assumption. 
. .' 
Only Kluge (1981), discusses the response of specifically 
E. laevi-folius to fire and it is, therefore, necessary to 
discuss the work done by Raison (1979), Grove et al (1980) 
and Beaton (1982), although these do not deal with the 
species or the genus in question. 
i ) I..h.si ....... P.J. .. r.si.g .. t. ... ..J;.:tf _12_gJ;:.?. ...... .9.f. ...... Lt. .. .r.si ....... 9. . .n ........ £:., ....... .1 .. ?.?..S?.'..V,l..t.P.J. .. +.~.Y..,;>. 
Grobbelaar (pers. comm.) has suggested that burning 
should have a negligible effect on coralloid roots and 
their ability to fix nitrogen. Spratt (1915) refers 
to these as root-nodules and states that they are 
perennial, modified lateral roots, repeatedly branched 
and typically forming large coralloid masses 
f 
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immediately below the surface of t he soil a nd 
protruding above it. Deluca and Sabata (1980) use the 
term "coralloid roots" a nd state t hat t hey are an 
inherent feature of t he root system of cycads. 
Dinitrogen fixing Cyanobacteria (blue-green algae) 
invade these coralloid roots and live i n mu tualistic 
symbiosis with them (Grobbelaar, et al, 1987). Plate 
12 shows coralloid roots protruding above t he surface 
at the base of an adult E. laevifolius plant. 
Plate 12. A mas s of coralloid roots above the surface 
of the s oi 1 at the base of an E. laevif'ol ius 
plant . 
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Grove, et al (1980) state that the capacity of 
N. ric•dlei for nitrogen fixation is indirectly 
proportional to the time since burning and that 
burning stimulates the development of coralloid 
roots. Their records indicate a rapid growth of 
coralloid roots in the first year after burning, and 
that the rate of nitrogen fixation was six times 
greater for a recently burnt site than that estimated 
for a site burnt seven years previously. 
There is, unfortunately, no such data available with 
regard to £". laevi"folius, but the heal thy population 
structure of the Compartment J population, which has 
not been burnt in the last fifty years (see Table 3), 
suggests agreement with the view point of Grobbelaar 
(pers. comm.) as mentioned above. Other factors do, 
however, suggest that burning can be beneficial, and 
these should become clear throughout this discussion. 
i i ) I..h.@. ..... I.09.~.r.@.9. .. t. ........ ~.f.f .. @.G. .. t. ...... .9.f. .... .f. .. tr?. ..... .9. .. 0 ........ i;::.o ........ J...0..s'..Vi..[P..,,L{.Y..$. 
An indirect effect of fire is the redistribution and 
change in the availability of nutrient elements in 
general (Raison, 1979). Grove, et al (1980). 
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established that there is an increase in the amount of 
plant-available nutrients at the soil surface after a 
fire. 
Other indirect effects of fire are the removal of 
litter and senescent foliage which could alter the 
micro-climate of the plants (Raison, 1979 and Grove, 
et al, 1980); as well as an increase in light 
intensity and a reduction of competition. 
The above effects are possibly evident in the response of 
E. la&'Vi"folius to fire as recorded in section 3.4.1. 
The positive influence of fire on cone formation has been 
documented by Beaton (1982). His study on Australian 
Aboriginal management of cycads with fire and water 
revealed that Nacrozamia communis produced seven times the 
number of cones in burnt plots than in unburnt plots. 
Giddy (pers. comm.) has observed a population of 
E. ghellinckii in which half of the population was exposed 
to fire and the other half not. The former half responded 
with almost 100% cone development, while the latter half 
produced no cones. 
The idea that fire stimulates cone development in 
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t". laevi-folius is supported by observations on the 
approximately three year cycle of cone production that was 
evident in the Starvation Creek Nature Reserve. However, 
Kluge (1981) observed that cone formation has occurred in 
both burnt and unburnt veld. This is not to say that fire 
does not stimulate cone development, but rather indicates 
that cone development is not absolutely dependent on 
fire. 
In addition to the above, it was observed during the 
survey of the Belmont population (see Appendix A), that £. 
laevi-folius has shown the same positive response to fire 
in similar circumstances as observed by Giddy (pers. 
comm.). It is, therefore, possible that with regular 
periodic burning, cone development may be stimulated. 
More importantly, it may be synchronized. This could have 
the long term effect of increasing the productivity of the 
populations (Harris, ex Beaton, 1982). Reservations in 
this regard have been expressed by Norstog (pers. comm.) 
who feels that although productivity may be increased, it 
is not a wise long-term practice. When one considers the 
possible role of insects as pollen vectors and the 
importance of such a function to the survival of the 
plants, the latter reservations are indeed valid. It is 
evident from the discussion in section 4.3.1.(i) that 
insect/s are responsible for the pollination of 
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!£. laevi"fol ius and it is, therefore, necessary to consider 
their survival when contemplating the use of fire as a 
management tool. Unfortunately this aspect still requires 
further research in order to ensure that the 
recommendations which are made are completely sound. 
Until such time it would be to the benefit of the plants 
if management remains as flexible as possible to allow
0
the 
necessary research to take place. Specific 
recommendations in this regard are made in section 5.4. 
4.4.2. THE USE OF FIRE AS A MANAGEMENT TOOL 
The effect of fire on the growth of the cycads and the 
soil is very complex and the efficient use of fire as a 
management tool must be based on sound ecological 
principles (Raison, 1979). It is unfortunate that no 
research has been done with respect to the use of fire for 
the management of cycads in South Africa. Much general 
research has, however, been carried out in the different 
major veld types or biomes. The South African Forestry 
Research Institute (S.A.F.R.I.) has conducted research in 
the fynbos biome in the mountains in the Cape Province and 
in the grassveld in the Natal Drakensberg, the latter 
being of some relevance to t". laevifolius. The most 
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relevant data available in the Transvaal are those from 
the work done by National Parks Board in their Kruger 
National Park (K.N.P.) (Gertenbach, 1988). 
Gertenbach (1988), in his analysis of the burning programs 
in the K.N.P., states that fire is a natural factor in the 
Lowveld. Irwin, et al (1980) state that fire has been an 
important factor in the Drakensberg for a very long time, 
and even more so since the arrival of Homo sapiens. As 
soon as land falls under the ownership of individuals or 
institutions a diversity of land management develops from 
a diversity of land uses. Natural fires are normally then 
prevented as far as possible and burning plans are 
implemented to suit the objectives of the land owners. 
Where the la~d-use management objective is conservation 
orientated, the use of fire should simulate the natural 
conditions as far as possible. In order to achieve this, 
the natural season and frequency of burning must be 
determined. 
i) The Season of Burn 
Gertenbach (1988) states that burning should take 
place to coincide with the occurrence of lightning, 
and while plants in general are in a state of dormancy 
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or reduced growth rate. This is contradictory as 
lightning is associated with summer storms and growth 
rates begin to increase with an increase in day length 
shortly after the winter. The scientists of 
S.A.F.R.I. at Cathedral Peak in the Natal Drakensberg 
have established that a winter burn results in a 
greater species diversity and basal cover than a 
late-spring to summer burn (Rossouw, pers. comm.). It 
would, therefore, initially seem that the winter is 
the best season in which to burn. 
Stevenson (1981) provides data with regard to the 
timing of leaf flush of 15 Encephalart'os species. 
Unfortunately E. laevi-folius is not one of them, but 
the data show that leaf flush (or growth or 
development) could take place anytime from autumn to 
mid-winter, from approximately April to July. 
Considering that fire stimulates leaf growth, it would 
then be ideal to burn at the time that the plant would 
naturally produce new leaves. If it so happened that 
the plants within a population that was to be burnt 
had already begun to produce their leaves, there is 
evidence that a cool fire would burn off the old 
leaves but not damage the young leaves at the centre 
of the crown (Beaton, 1982). (A cool burn may be 
achieved if the burn is carried out on a cool overcast 
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day and the direction of ~he burn is down slope.) It 
is important to know this , as the presence of new 
foliage may deter a manager from carrying out a 
planned July burn. 
The occurrence of the leopard moth (Zeronopsis 
leopardina) and the damage caused by ·its caterpillars 
has been recorded in section 3.3.2.(i) and discussed 
in section 4.3.2.(i). Giddy (1984) states that the 
eggs of this moth hatch in spring and/or after rain 
which apparently triggers hatching. Considering the 
damage caused by this organism and the fact that it 
is probably alien to the ecosystem of E. laa•virolius, 
the need to control it is obvious. The apparent 
complexity of the ecosystem of this cycad (the 
possible role of insects as pollination vectors) rules 
out the use of chemicals. However, it was established 
that control could be achieved by using fire at a 
specific time of the year, instead of having to apply 
insecticides. This would be beneficial to the 
ecosystem as a whole and not just to the cycads 
themselves. As already discussed, it is possible that 
fire stimulates cone as well as leaf-development. It 
would also be beneficial, therefore, if the time of 
coning could be manipulated so as to avoid damage 
and/or destruction by leopard moth caterpillars. An 
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early winter burn could be successful in achieving 
this. New leaf growth and cone development would be 
stimulated long before the caterpillars are due to 
hatch. When they do hatch, the foliage would have 
already become hard, leathery and unpalatable, and the 
cones too advanced in their development to be 
susceptible to their demand for sustenance. 
In addition to the damage and destruction caused by 
these caterpillars, personal observations by the 
author have revealed much evidence of browsing damage 
by livestock. Fortunately this may be prevented by 
keeping livestock out of the area in which the cycads 
occur, especially for the critical period of leaf 
growth. At this stage the leaves are very soft and 
seemingly palatable, notwithstanding their toxicity 
(Whiting, 1963). 
Considering the above, it would seem that the most 
ecologically sound season in which to burn is between 
late-autumn and mid-winter, between May and July. The 
exact time of burn would depend on the duration of the 
rainy season. If the rains stop early, then the burn 
could take place in May, but if the season is 
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prolonged the burn_ would be delayed. A safe "rule of 
thumb" would be to delay the burn as long as possible 
to cater for late rains. 
Although this is relatively decisive, there is an 
element of doubt which exists. The record of times of 
leaf flush by Stevenson (1981) does not include that 
of E. laevi'folius, and plants have been observed to 
produce new leaves at times other than between April 
to July. Gertenbach (1988) states that veld burning 
on a rigid rotational frequency is unnatural and may 
be detrimental to the vegetation being managed. 
Although this statement is made with regard to the 
frequency of burning, it may be best to apply this 
principle to the season of burn as well. A burning 
program should, therefore, include both autumn to 
mid-winter burns -and spring to early-summer burns. 
Both should be very closely monitored for any signs of 
detrimental effects. An incYease in the occurrence of 
damage and destruction by the leopard moth 
caterpillars, for example, would be an obvious sign 
that the fire regime should be altered. 
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ii) The Frequency of Burn 
As mentioned above, veld burning on a rigid rotational 
frequency could be detrimental to the veld or plants 
being managed (Gertenbach, 1988), but a manager should 
have an indication of what the best average rotational 
frequency is. The burning program could then be 
compiled so as to move either side of this average. 
For example, if it were established that a rotational 
frequency of three years was ideal for the management 
of E. laevifolius, alternative frequencies of two and 
four years could be applied. The feasibility of the 
latter was discussed with the personnel responsible 
for the management of the Starvation Creek Nature 
Reserve and the results of this discussion are 
included in section 3.4.2. From the analysis of the 
data presented in Table 3, it would seem that the 
tri-annual burn applied in the Starvation Creek Nature 
Reserve should be the best average rotational 
frequency to follow. 
Additional reasoning to support a tri-annual 
rotational frequency is found in the time it takes for 
seedlings to develop sufficiently to survive a fire. 
As has been established fire stimulates cone 
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development, the plants then have three years in which 
to carry out successful sexual propagation leaving 
sufficient time for seedling establishment. Cones 
take approximately six months to mature after which 
pollination and fertilization may take place. It then 
takes approximately nine months for the fertile seed 
to germinate. This allows approximately twenty one 
months for seedling establishment. Kluge (1981) 
records that seedlings which totally lose their 
foliage during controlled burns, rapidly produce new 
leaves with no evidence of detrimental effects. 
Although it has been suggested that the rotational 
frequency be moved between two and four years with a 
tri-annual burn as the rule, it would be best to make 
the tri-annual burn the minimum instead of the 
average. It would be very unfortunate if successful 
sexual propagation were to be nullified by a premature 
burn. In other word~, it is likely that a bi-annual 
burn could destroy seedlings before they had 
sufficient time to form a large enough root stock 
necessary for their survival against fire. 
Conversely, a burning !requency of four to five years 
could allow a build up of litter that would result in 
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a very hot fire. The heat generated from such a burn 
could destroy seedlings and even damage mature plants. 
3.4.3. LAND OWNERS AND LEGISLATION 
The above discussion has so far looked only at biological 
and ecological considerations which should be taken when 
deciding on the season and frequency of burning. Two very 
important factors still to be considered are the policy of 
the land owners concerned, and the relevant legislation. 
It is possible that the management suggested by 
biological and ecological considerations could conflict 
with the objectives of the land owners and the relative 
legislative stipulations. 
All the E. laevi-fol ius populations a re associated with 
forestry areas, and the primary objective of controlled 
burning in these areas is for fire protection. All open 
areas and fire breaks are burnt on as short a rotation as 
possible, and in the safest season. Most burning, in the 
summer rainfall area, takes place during late summer to 
early autumn when there is sufficient moisture in the soil 
to ensure a cool burn and prevent ground fires from 
starting. The evidence of this can clearly be seen when 
visiting the Eastern Transvaal, for example, during this 
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time of the year. Most fire breaks are burnt annually, 
unless they are double breaks which are burnt on a 
bi-annual rotation. Burning rotations of longer than two 
years are an exception. The latter observations were made 
by the author while he was employed by the Forestry Branch 
of the Department of Environment Affairs. 
Legislation is also aimed at protecting the plantations 
from fire. The Minister of Environment Affairs annually 
publishes notice of a fire prohibition period in the 
Government Gazette, under the auspicious of the Forestry 
Act 1984 (Act No. 122 of 1984). (A copy of this 
declaration is included as Appendix D.) This period is 
from the 1 August to the 31 October but may be flexible to 
a degree depending on the lengths of the wet- and dry 
seasons. In order to burn during this prohibition period 
it is necessary to obtain a permit from the nearest 
Regional Off ice of the Forestry Branch of the Department 
of Environment Affairs. It is very unlikely that a permit 
will be granted as this period is set to co-incide with 
the peak of the dry season, where the risk of wildfires is 
at its highest. 
This poli6y exists with regard to both the season and the 
frequency of burn. It is undesirable in terms of fire 
protection to allow a build up of fuel (moribund 
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vegetation). The risk involved in using fire as a 
management tool increases with the age of the veld. At 
present the tri-annual burning program applied by the 
Forestry Branch in the Starvation Creek Nature Reserve is 
possibly at the limit acceptable by their management and 
it is unlikely that they will accept a rotational 
frequency of longer than three years. 
Seeing that the potential for a conflict of interests 
existed by comparing the conservation and management 
objectives, the situation was discussed with the forestry 
personnel responsible for the management of the Starvation 
Creek Nature Reserve and the fire protection on the 
adjacent State Forest. The ecological considerations 
which indicated; firstly, the need for a flexible program, 
secondly, the need to delay burning until at least early 
winter, and thirdly, to extend the rotation to four years, 
with the three year rotation being the average, were 
presented as clearly as possible. 
The reaction of the plantation managers was very positive 
and it was indicated that flexibility could easily be 
accommodated and that burning during the early winter was 
acceptable. With regard to the increased rotational 
frequency, concern was expressed at the amount of fuel 
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that would be allowed to accumulate. They indicated that 
their experience had shown an undesirable build-up of fuel 
after three years (Byle, pers. comm.). 
The possibility of extending the rotational frequency was, 
however, not lost. The suggestion was made that by 
combining a "safe" season with a "dangerous" frequency the 
potentially unacceptable burning program could be 
implemented. Although this could be seen as being a 
compromise, the indications are that it would not only be 
beneficial to the cycads, but to the associated vegetation 
as well. This would fulfil the need for habitat as well 
as species conservation. 
In the same way, if, by analyzing the conditions of the 
veld and the cycads (for example, fuel load, moisture 
content of fuel and the presence of germinating seeds), it 
was established that a spring burn was necessary. That 
is, during the fire prohibition period. The chances of 
implementing the burn could be enhanced if the rotational 
frequency was shortened to two years. Therefore, by 
manipulating the season and.frequency of burn, most of the 
ecological considerations could be catered for. 
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Finally it must be stated_that, although the results of 
this investigation indicate a solution, there is still 
room for improvement. Recommendations in this regard are 
made in section 5.4. 
4.5. THE ILLEGAL REMOVAL OF HABITAT PLANTS 
Both habitat destruction and the removal of cycads from their 
habitat have been cited as reasons for their "endangered status 
(see Chapter One). Although the former may have been responsible 
for greater losses in the past, the impression has developed 
through this study that "poaching" is now the biggest threat. 
Tang (1985) gives international trade figures of 40000 to 150000 
plants per year, and Gilbert (1984), in her publication on the 
status, trade, exploitation and protection of cycads, states that 
they are the most endangered group of plants to date. 
There are basically two reasons why cycads are removed from their 
habitat. Firstly, enthusiastic collectors desire to have at 
least one of each species in their collection; and secondly, 
because they have become a status symbol (Osborne, 1989) of great 
horticultural interest (Tang, 1985; Comrie-Greig, et al, 1989). 
Comrie-Greig, et al (1989) state that the cycad collectors are 
genuine in their love for cycads, but others are motivated 
because cycads are rather fashionable things to have in ones 




the Wayside Inn at Waterval Onder (± 30krn west of Berlin), 
and a number of private land owners in the vicinity all 
have specimens of E. laevi-fol ius in their gardens, bears 
evidence to the latter. 
The etiquette on a herbarium specimen of E. laevi-folius at 
the Kirstenbosch Botanic Gardens records the locality as 
being 16km east of Nelspruit. This was apparently a new 
locality and was recorded as such in the local newspaper 
(Anon. 1971). The same newspaper also recorded their 
"mysterious disappearance" (Anon. 1973). Fourie (1983) 
also refers to the extinction of this population as well 
as another at Josefsdal which suffered the same demise. 
It is, therefore, evident that the pressure on these 
plants in the past has been substantial. To obtain a 
clearer picture of the situation to date, each population 
is considered separately below. 
i) l5.9.9J2.§.§.b9.9..P.. 
Besides the drastic thinning out of this population 
with emphasis on the plants on the plateau (as 
discussed above), a theft frequency of approximately 
one plant per month was recorded in Compartment J. 
The possible reason is that this population was under 
a canopy of a pine plantation, and the poachers could 
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work unseen. The pine have recently been cleared, and 
it is expected that the occurrence of thefts will 
decrease or stop all together. Numerous cases of 
thefts of plants from the plateau areas were recorded 
during this study, but there were no cases from the 
valleys (i.e. Starvation Creek and Belmont). 
i i ) M.?. .. r..i.SlP.?.k.9..P.. 
Being in close proximity to the S.A.A.F. base at 
Mariepskop, this population possibly enjoys as much 
security as the base itself. Vorster (pers. comm.) 
completed a survey of this population in 1970. He 
recorded 16 groups of plants with a total of 74 
stems. The most recent survey carried out by the 
author and a monitoring team from the Flora Section of 
T.P.A.N.E.C. in 1990 revealed that all that all 
sixteen groups were still present, but a total of 55 
stems was counted. Evidence of mortality indicates 
that this could be the reason for this discrepancy. 
However, a survey of the gardens of high ranking 
officials of the S.A.A.F. in the elite suburbs outside 
Pretoria may reveal otherwise. (Personal 
communications with one such official has cultivated 
this suspicion.) 
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i i i ) $..~.9.?.:; ... 1 ..l?. .. 0.9. 
In her review of the legislation pertaining to the 
conservation of the cycads in South Africa, Gilbert 
(1984) states that it is easy to obtain illegal plants 
from neighbouring Independent States. Considering 
that the Malolotja Nature Reserve was only declared as 
such in 1978 (Boycott, pers. comm.), it is possible 
that many /£. laevifolius have been exploited f rem this 
population. Although there are many other factors one 
could consider in attempting to explain the small size 
of the population, there are indications that theft 
was a major factor. Kluge (pers. comm.) observed that 
rapid decline in the numbers of E. heenani i 
populations which grow/grew in relatively close 
proximity to the E. laevifol ius. This is an 
indication that the latter species may have suffered 
the same fate and that the declaration of the reserve 
has been effective in putting a stop to the poaching. 
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4.5.2. A CRITICAL REVIEW OF THE RELEVANT LEGISLATION 
Legislation at the Provincial level (Nature Conservation 
Ordinances; Natal No. 15 of 1974, Cape No. 19 of 1974 as 
amended in 1985, Transvaal No. 12 of 1983), the Nationai 
level (Forestry Act of 1984) and the International level 
(CITES regulations) are all intended to prevent the 
illegal collection and trade in habitat collected cycads 
specimens (Osborne, 1989). However, Gilbert(1984); 
Osborne, et al (1988); Osborn~ (1989); Giddy (pers. comm.) 
all state that these activities persist despite the 
legislation. Gilbert (1984) suggests that laws are only 
as strong as the bodies responsible for their 
enforcement. In addition, Osborne (1989) states that 
these bodies are not co-ordinated and that the existing 
legislation requires revision. The discussion that 
follows attempts to critically review this legislation and 
make suggestions with regard to its revision. 
i) .+...n .. t..S?...rn?. .. t. .. i..9.n?..l ........ ~.S?..9 .. i. .. ?.J .. ?..t...i. .. 9. .. n 
South Africa is party to the 1973 Convention on 
International Trade in Endangered Species of Wild 
Fauna and Flora (CITES), which Gilbert (1984) believes 
affords cycads a measure of protection. Commercial 
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trade in any of the species of wild fauna and flora 
listed on Appendix I of the treaty is prohibited, and 
all species of Encepflalartos are on this list. 
CITES requires that all parties to the treaty report 
yearly imports and exports of listed species in an 
annual report (Gilbert, 1984). From these reports, 
trade may be monitored ahd specific problems 
identified. The success of the treaty, therefore, 
relies heavily on the efficiency of those responsible 
for the compilation of the annual reports. In S.A. 
each conservation body is responsible for reporting 
their figures to a central committee who then compile 
the annual report (Fourie, pers. comm.). 
Table 4 illustrates that CITES does not only rely on 
the quality of the report, but on the actual compiling 
of the report itself. The treaty should become more 
effective once more of the parties begin to comply 
with its prerequisites. 
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DATA FROM CITES REPORTS YEAR 
77 78 79 80 81 82 
Available data from CITES reports 
Number of parties to CITES 40 47 55 61 74 77 
CITES parties submitting reports 28 33 34 32 35 17 
CITES reports including plant data 8 12 11 12 11 9 
Available cycad data from CITES reports 
Reports from parties with native cycads 10 13 14 15 18 7 
- from cycad nations including cycad data 4 4 4 6 6 2 
- from other nations including cycad data 2 4 1 1 0 0 
- from all CITES parties including cycads 6 8 5 7 6 2 
. 
Table 4. The potential of CITES annual reports as a source for 
cycad trade data (TRAFFIC(U.S.A.) ex Gilbert, 1984). 
The figures in Table 4 indicate that although the 
number of countries party to the treaty increased from 
1977 to 1982, those submitting reports decreased. The 
very low figures of reports including cycad data could 
be seen as being an encouraging sign, but Gilbert 
(1984); Osborne, et al (1988); Osborne (1989); all 
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state that illegal collection and trade continues 
despite legislation. Considering the trade figures 
quoted earlier in this section, these figures should 
be considerably higher. The reasons why they are not 
are not clear, but it is assumed that most of the 
trade takes place on the "black market" and is, 
therefore, not recorded. Bribery and corruption 
amongst officials·could also account for the low 
figures. 
There is unfortunately no quantitative data with 
regard to the export of t.". laevifolius out of the 
Transvaal. The permits which are issued by the 
T.P.A.N.E.C. are not computerized, and it would be 
almost impossible to sift through many permit 
duplicates in search of those recording E. 
laevi'fol ius. In kddi ti on to this, the accuracy of the 
information on the permit applications is doubtful 
(Osborne, pers. comm.). It is highly likely that 
mistakes can be made with the identification of 
plants, but it is also possible that false information 
is submitted to ensure the granting of a permit. An 
application featuring a less threatened species will 
no doubt be more successful, or attract less 
attention, than one for a highly endangered species. 
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ii ) N?..t.J.9..n?..l .... k.@9..t .. ?.19. .. t..i..9.n 
The Forestry Act of 1984 includes a list of fauna and 
flora species which it protects by virtue of a permit 
system and by prohibiting their exploitation. It 
basically achieves the same as the Ordinance 
(discussed below), but the list is not entirely the 
same. It includes some species not in the Ordinance 
and visa VEN'Sa. The future of this section of the Act 
is presently uncertain, and will~ therefore, not be 
discussed any further. The privitisation within the 
Forestry Branch of the Department of Environment 
Affairs are set to move this part of the Act to the 
Ordinance. This will simply result in an increase in 
the number of species afforded protection under the 
Ordinance. 
iii) P..r.:.9.Y. .. tn.G..i..9..l ...... k.@.9 .. i. .. ?1 .. ?..t.i. . .9. . .0. 
Schedule 12 of the Nature Conservation Ordinance of 
the Transvaal (12 of 1983) lists all the Transvaal 
cycads as "Specially Protected Plants". (A copy of 
the pertinent sections of this Ordinance is included 
as Appendix D.) According to Gilbert (1984), this 
declaration was the first step taken at Provincial 
level to protect S.A. cycads, and that was in 1971. 
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Section 96 of the Ordinance states that no person may 
buy, sell, pick, donate, transport, import, export and 
even own a specially protected plant without a permit 
to do so. Possession of such a plant with out a 
permit is only allowed if the plant is growing 
naturally in its natural habitat and was not planted. 
Section 87 lists the circumstances which will possibly 
justify the relocation of specially protected 
plant/s. For example, the clearing of land required 
for cultivation, the erection of buildings, the 
construction of a road, etc. A permit is also 
necessary before any relocation is carried out. 
Any person found guilty of contravening any of the 
above shall be guilty of an offence and liable on 
conviction to a fine not exceeding RlOOO, or to a 
prison sentence not exceeding 12 months, or to both; 
if it is a first offence. Persons found guilty with 
previous convictions will be liable for a fine not 
exceeding R1500, or to a prison sentence not exceeding 
18 months, or to both the fine and the prison 
sentence. 
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In 1985 the E. laevifolius specimen in the L.8.G. was 
stolen, and it cost RlOOO to replace it with a lm high 
plant (Kluge, pers. comm.). A press release (Anon. 
1988b) records the penalty of a RlOOO fine or 100 days 
in prison for the removal of ~l cycads from their 
habitat. A simple comparison between the latter two 
cases should illustrate the major shortcoming of the 
Ordinance (and there are many other examples). The 
fine of RlOOO is classed as an "overhead" by the well 
organised cycad poachers. Enquiries made during this 
study revealed prices of R3000 to R5000 being asked 
per meter of plant (Giddy, per. comm.). It is, 
therefore, necessary to increase the penalty 
drastically, and enforce the legislation ruthlessly, 
making public any convictions as examples to those 
contemplating similar activities. 
Although rather philosophical, the following quotation by 
Comrie-Greig, et al (1989, pp. 300) is relevant as a final 
thought in this section; "It is ironic that the cycads should 
survive the various geological and climatic cataclysms that have 
afflicted the world over the past 100 million years, only to be 
brought to the brink of extinction by the averice - or misplaced 
love - of Homo sapiens in the closing decades of the 20th 
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century.". The legal side of combating this has been discussed 
briefly above, the following section explores the botanical 
alternatives. 
4.6. POPULATION ENHANCEMENT AND RE-ESTABLISHMENT 
4.6.1. INTRODUCTION 
Osborne, et al (1988) refer to the principle of 
"conservation through cultivation" in the sense of 
propagating cycads and making them available through 
authorised channels to collectors and nurseries. To this 
end the cycad Society of South Africa (C.S.S.A.) has 
initiated a seed and pollen bank to encourage the 
artificial propagation of seedlings to lessen the threat 
to plants in habitat (Giddy, 1987). Giddy (1984) suggests 
a "salvage and relocation" effort to conserve cycads. the 
motivation for this suggestion comes from the need 
transplant cycads that are in a threatened habitat to a 
more hospitable one. In addition to this, the harvesting 
of fertile seed which is often lost through natural 
predation would ensure the provision of seedlings for 
planting back into habitat and to supply the demand 
(Gilbert, 1984; Gerber, 1987). 
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Although two cycads of the same species and of the 
opposite sex constitutes a sexually viable population by 
virtue of their extremely long life span, sexual viability 
will increase with an increase in numbers. It would, 
therefore, be ideal if enhancement programs could be 
undertaken to increase the size of small populations. 
Fourie (1983) suggests that isolated plants be 
translocated to fulfil this need. In addition, 
populations may be re-established into areas where there 
are indications that they use to occur there. Such 
indications would be the presence of habitat components 
and/or old locality records. Such re-establishment will 
only be of value if the safety of the plants can be 
guaranteed. Areas that were identified for possible 
re-establishment operations are discussed in section 
4.6.3. (ii). 
Fourie (1984); Koeleman and Raal (1985) provide techniques 
and guidelines for the collection and cultivation of a 
nucleus of cycads for ex situ conservation. The important 
role which the Botanic Gardens of South Africa can play in 
this regard is highlighted by Gilbert (1984) and Osborne 
(1989). These institutions have the facilities, staff and 
expertise necessary to develop and manage seed orchards 
for cycads and other threatened plants. The problems 
associated with such an operation, such as the prevention 
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of hybridization, maintaining a large enough population 
for a viable gene pool, protecting the plants from pests 
and diseases and guarding against theft should be within 
their capabilities. 
All of the above indicates that the need to enhance and/or 
manipulate both in situ and ex situ populations of cycads 
is necessary to ensure their conservation. This is 
pa rticu la rly true for E'. laevif'ol ius. It should be clear 
from the discussions in previous chapters that there are a 
number of factors which threaten the existence of this 
cycad in nature. It is,therefore, of the utmost 
importance that the advice of the authors referred to 
above, be followed as closely as possible. Specific 
methods which may be used to fulfil this need are briefly 
discussed below. 
4.6.2. METHODS OF POPULATION MANIPULATION 
The actual method/s which may be used to achieve either 
population enhancement or re-establishment, depend on the 
type and origin of the material used. That is, seed, 
vegetatively propagated shoots, or mature stems. 
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i ) $.si.si.9..?.. 
Earlier discussions have indicated the scarcity of 
fertile seed in habitat. The success of fertilization 
depends on pollen being available when the female 
cones are receptive and possibly also on the presence 
of the necessary insect pollen vectors. In addition 
to this, the rotting of the female cones and seeds 
seems to have drastically reduced the percentage of 
fertile seeds (Oosthuizen, 1978; Kluge, 1981). 
Evidence that much of the healthy fertile seed is 
predated, leads one to believe that it is necessary to 
harvest any fertile seed that is found (Gilbert, 1984: 
Gerber, 1987). It is unfortunate that this seed will 
not be able to fulfil its role in the food chain, but 
the scarcity of the seed and the long periods between 
cone production suggest that this role is a very 
small, and possibly only a supplementary one. 
Seed that is harvested from habitat plants must be 
made available to institutions such as the L.B.G. and 
the Hartbeeshoek Provincial Nursery in Pretoria. Here 
it may receive the attention necessary to aid 
germination. Forsyth and Van Staden (1983); Giddy 
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(1984); Fourie (1984); Koeleman and Raal (1985); Tang 
(1987b) all provide details with regard to the 
germination of cycad seeds. 
Once the seeds have germinated, the seedlings may be 
planted out into bags and cared for until they are 
approximately five years old. E'ru:;,'&'pha 1 a r t'os 
laevi-folius seedlings of this age that were grown from 
seed harvested from the Starvation Creek population in 
the L.B.G. are now robust enough to be planted back 
into the reserve. The origin of the seed must always 
be well documented to ensure that the seedlings are 
planted back into the population from which the seed 
was harvested. However, it may be necessary to plant 
Kaapsehoop seedlings into the Mariepskop and Swaziland 
populations, as the latter two show such little 
evidence of sexual propagation. In this case the 
salvation of the populations themselves is more 
important than their genetic purity. 
i i ) Y.s:i.9.s:i . .t..9. . .t...i . .v..s:iJ..Y ....... .P..r..9..P..9..9.9. .. t..s:i.g ....... M.9. .. t..s:i .. r: .. i .. 9. .. l 
Observations made by the author during this study 
indicated that vegetative propagation is practically 
an ongoing process, particularly in the form of basal 
suckers. During the monitoring operations there were 
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occasions when the suckers were so abundant that they 
could not be counted. Subsequent visits revealed a 
high percentage of sucker mortality. It seems a waste 
to allow this mortality without attempting to utilize 
this material. Bursey (1988) gives a detailed account 
of how to remove a sucker successfully. 
Other vegetative propagates are offsets and branches 
as referred to by Giddy (1984). She also provides 
details as to how plants may be grown from this 
material. Epicormic shoots are those which grow from 
the side of a mature stem and are probably equivalent 
to what is described as an offset. 
It is seldom that branches are seen in E'. laevi'folius, 
but they probably form through the growth of coppice 
shoots. A number of these cycads have been seen where 
the crown has broke off and shoots have begun to grow 
from the broken surface of the remaining plant. As 
these grow, two or three begin to dominate while the 
others die-back. It is possible that these smaller 
shoots could be removed for propagation before they 
die-back. 
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Gilbert (1984) states that, although cycads grow 
readily from seed, off-shoots are the preferred source 
of cultivated plants. She adds that another method of 
vegetative propagation is the cutting off and potting 
of newly developing fronds. 
As with seed, all vegetatively produced material 
should follow the same path, i.e. to an institution 
such as the L.8.G., where it should be cultivated 
until large enough to be planted back into habitat. 
iii) M9..t..µ . .r:.@ .... $ .. t..@.f.f.l.?.. 
The use of mature stems for the establishment of a 
seed orchard would be ideal as there would be very 
little delay before the production of seed (Giddy, 
pers. comm.). The problem lies in the acquisition of 
such material and it is only under extreme 
circumstances that mature sterns should be removed from 
habitat. 
Osborne (1989) suggests that plants confiscated from 
illegal trafficking operations should be used for 
establishing or expanding existing stock. Any 
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E. laevi-folius found in private collections without 
the necessary permits ~hould also be confiscated for 
the same purpose. The suggestion has also been made 
that plants in private collections be used for pollen 
collection, seed propagation and possibly for the 
re-introduction of plants to the Mariepskop and 
Swaziland populations (Osborne, pers. comm.). 
On a number of occasions during field work, mature 
stems. that had been dug out by poachers but not 
removed, were fou~d. It is not clear as to why they 
were left, but it is possibly because they were too 
heavy for the poachers to carry. (A stem of two 
meters in length takes at least six people to carry it 
without damaging it.) On these occasions the stems 
have been taken to the L.8.G. where they were treated 
with a fungicide and planted in the seed orchard. 
Mature stems have also been obtained from mature stems 
that were senescing. Although they can never be saved 
as a single mature stem, it is possible that, with the 
correct and timely treatment, they could be persuaded 
to produce root suckers before they finally die. The 
treatment consists of a long soak in a fungicide bath 






removed. The pieces of stem that are still firm are 
then planted in large pots in the hope that vegetative 
propagation will follow. 
As with the removal of seed, one needs to consider the 
effect the removal of a rotting stem might have on the 
ecosystem. The loose fibrous structure of the stem 
allows a host of insects and other organisms to 
colonize it with relative ease. It is possible, 
therefore, that it plays an important role. However, 
if new individuals are propagated by such a stem after 
it has been treated and planted, it may be worth the 
price the ecosystem has to pay. 
After mature stems are established in a seed orchard 
and begin to produce cones, they must be monitored 
closely. If male cones are produced first, their 
pollen must be collected and stored for pollinating 
the female cones when they develop and mature. The 
collection and storage of pollen is a simple but very 
important operation and must be undertaken with care. 
Tang (n.d.a); Giddy(1984); Giddy (1987) all provide 
detail instructions as to how pollen is collected and 
stored. 
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If female cones are produced before male cones, then 
all natural populations should be inspected in an 
attempt to locate pollen. The pollen bank of the 
C.S.S.A. may also be contacted in this regard (Giddy, 
1987). Some cycad species are easier to pollinate 
than others, but E. laevif'olius could rank as one of 
the most difficult. 
Although Giddy (1987); Fourie (1984); Koeleman and 
Raal (1985); Tang (n.d.b); Tang (1987b) all provide 
detailed accounts of how hand pollination should be 
carried out, it is necessary to discuss the 
difficulties that were experienced with E. 
laevif'ol ius. 
After monitoring the development of both the male and 
female cones on a weekly basis until they had reached 
maturity, the monitoring continued every three days in 
an attempt to establish when the female cone scales 
opened to receive pollen. Unless this occurred over a 
shorter period, the observations lead to the 
conclusion that the scales do not open. Besides 
providing further evidence of the necessity of insects 
as pollen vectors, this presents a problem for hand 
pollination. Giddy (pers. comm.) provided the 
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This study has faced a number of limitations and constraints. 
Initially the aims and objectives were outlined in Chapter One as 
follows: to investigate and enlarge upon the ecology of E. 
laevi"'folius; establish the nature, extent and means of mitigating 
the threats that face the plant; and develop guidelines for the 
appropriate management of both the plant and its habitat. The 
objectives set to achieve these aims were to determine the 
distribution and structure of each population, establish their 
basic habitat requirements, investigate the interactions with 
specific organisms, as well as the role of fire in the cycads 
ecology and how it may be used as a management tool, evaluate the 
seriousness of the threat of poaching and the effectiveness of 
the relevant legislation, and establish suitable methods of ex 
/ 
situ propagation. It is apparent in retrospect that all of these 
have been achieved. A number of avenues of research have been 
identified as requiring the attention of various specialists, and 
specific recommendations in this regard have been made below. 
5.1. THE POPULATION CENSUS AND FUTURE POPULATION CENSUSES 
Even without detailed knowledge of the threats facing the 
continued existence of this cycad in its natural habitat, 
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f". laevi'fol ius would undoubtedly be classified as rare . This 
is obvious since the total number of plants in all the 
populations is only approximately 800. However, considering that 
only two of the five populations, Starvation Creek and 
Compartment J, have sound age class distributions and sexually 
propagated off-spring, it may further be conclude that the 
species is not only rare, but endangered as il'Jel 1. It is, 
therefore, essential that al 1 the populations of E. laevi'fol ius 
be monitored on a regular basis. An annual monitoring action 
would be ideal, but the only organisation with the man power and 
the necessary insights to carry out this task (i.e. the Flora 
Section of T.P.A.N.E.C.)would probably only be able to manage 
this every third year. 
Tri-annual monitoring only is feasible because the organisation 
concerned is responsible for the monitoring of all rare and 
endangered plants in the Transvaal, and an action of this 
intensity would not fit into their annual program. Furthermore, 
the Starvation Creek population is burnt on a tri-annual basis 
and monitoring which takes place approximately three months after 
the burn would be most appropriate. The reason being that all 
moribund vegetation would be removed by the burn and those cycads 
responding with vigouruosly growing whorls of foliage could be 
easily accounted for. This would enhance the accuracy of the 
census as well as most of the plants should be in this 
condition. 
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Finally, it is recommended that this monitoring continue for as 
long as possible, and that all information gathered be documented 
very carefully. (The information presently gathered on the 
annual monitoring form used by T.P.A.N.E.C., as can be seen in 
Appendix A, is sufficient.) These data should then be sufficient 
for one to gain an insight into the population dynamics of 
E. laevi"folius. In addition to this it will provide an 
indication as to the success of any particular ~anagement 
measures that are being applied. 
5.2. BASIC HABITAT REQUIREMENTS 
Irrespective of the fact that the investigation into the above 
was relatively superficial, and that E. laevifolius is found 
growing successfully in cultivation outside of its natural 
habitat, this cycad appears to be habitat specific. The data 
presented in Table 2 may not be absolute proof of this 
conclusion, but the fact that no plants occur within areas with 
habitat components other than those described in this table, 
gives credibility to the conclusion. Where the information 
gathered, such as the climatic data, was inaccurate or 
insufficient, improved techniques could be applied. For example, 
automatic weather stations could be placed at strategic positions 
within each population. 
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5.3. ORGANISMS WITH WHICH ENCEPHALAl?7'DS LAE'VlF'OllVS HAS SPECIFIC 
INTERACTIONS 
5.3.1. ORGANISMS WITH POSITIVE INTERACTIONS 
Of the four interactions investigated and discussed in this 
report, the significance of only one is certain. The role of the 
baboon as a seed distribution vector is now confirmed. It must, 
however, be mentioned that the baboon are probably not dependent 
on the seeds as an essential part of their diet, as they do have 
other sources of nutrition. It is the function which they fulfil 
as a seed distribution vector which is essential for the cycad. 
If this function is to be fulfilled artificially as described in 
section 4.6.2.(i) then the presence of baboon is not critical. 
However, if not, then it is essential that they be available to 
carry out this function naturally. 
From the discussion on pollination, it is difficult to draw any 
firm conclusions. It would seem safest to say that a 
combination of both wind and insect pollination is what actually 
happens. The pollen grains of E. laevifolius have no appendages 
to facilitate wind travel and are "heavy", which leads to the 
conclusion that insects are, at least in part, necessary for the 
transportation of the pollen from the male to the female cones. 
They are probably also necessary for taking the pollen into the 
cone. 
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It is unfortunate that entomologists have only recently begun 
work on this aspect, but it is encouraging that this work is to 
continue (OberprielSr and Donaldson, pers comm.). The 
recommendation in this regard is, therefore, that these 
specialists must receive as much assistance as possible, as they 
are not able to visit the plants as regularly as they should. If 
mature cones are encountered during monitoring actions by the 
Flora Section of T.P.A.N.E.C., a single male and female cone 
should be sent to P.P.R.I. for attention Mr. R. Oberprieler, or 
to the Kirstenbosch Botanic Gardens for attention Mr. J. 
Donaldson. In addition to this, any insects found on plants with 
cones, on and/or inside the cones, should be collected and sent 
to one of the above entomologists. Details of where, when, and 
by whom the collection was carried out must be included with each 
specimen sent. It is essential that clarification in this regard 
is obtained as soon as possible as management needs to take all 
aspects of the cycads ecology into consideration to ensure their 
conservation. 
5.3.2. ORGANISMS WITH NEGATIVE INTERACTIONS 
Although there is uncertainty with regard to the exact 
significance of the role of the leopard moth and the pathogenic 
infection of the female cones, the danger they pose to the 
continued existence of the relatively few plants left in their 
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natural habitat leads one to conclude that solutions to these 
problems must be found. The use of insecticides should be 
avoided as far as possible due to the possible role of insects in 
the pollination of the female cones. The manipulation of leaf 
and cone emergence by burning during~early to mid-winter, May to 
June, should be applied to prevent the caterpillars of leopard 
moth from causing any damage. In this way, the possibility that 
the moth is indeed indigenous to the same area as the cycads, is 
taken into consideration and it would have to find alternative 
plants to lay its eggs on. An investigation should be 
implemented to establish the original distribution of the moth in 
order to determine if it is alien to ecosystem of the cycad. 
With regard to the pathogenic infection of the female cones, the 
following questions still need to be answered: 
- is it an old or new occurrence? 
- is it a natural component of the cycad ecology? 
- are the low percentages of fertile seed a result of this 
infection and if so, why are fertile seeds seemingly not 
infected? 
- if the infection is being caused by a pathogen, what is it and 
how can it be controlled or eradicated? 
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- is the infection indicative of a physiological disorder which 
is predisposing the plants to infection which otherwise would 
not occur? 
- what role does atmospheric pollution play in the above? 
The recommendation is that this aspect continue to be studied by 
specialists in this field on a full time basis. It could be 
given to a post-graduate student in the pathology section of the 
Botany department at one of our universities. In such a 
situation all the necessary knowledge and facilities would be 
readily available and the study could be carried out on a 
full-time basis. 
5. 4. THE ROLE OF FIRE IN THE ECOLOGY OF E:."NCEPHl}ll}l< 7"05' ll}EVJFOLIUS' 
AND ITS USE AS A MANAGEMENT TOOL 
Unlike certain grass species, for example, fire is not absolutely 
essential for the survival of this cycad. The species does, 
however, occur within veld types which nat0rally experience fire, 
and, therefore, has itself a specific response to fire. By 
alternating the season and frequency of burning, these responses 
may be manipulated to the benefit of the plants. Fire may, 
therefore, be used as a management tool, although if not used 
according to ecological principles, it may be to the detriment of 
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the plants. All the factors which need to be considered when 
formulating an ecologically based burning program are discussed 
in detail in section 4.4., and after considering those of which 
there is most certainty, the following program is recommended: 
Frequency: an average of a tri-annual burn with alternate 
2 and 4 yearly burns. 
Season: as late as possible before the beginning of the Fire 
Prohibition Period, avoiding spring and early summer 
burns, at least until the leopard moth has been 
e 1~adica ted. 
It must be noted that, although, this program is presently the 
most feasible and practical to implement, it may not be ideal for 
E. laevi'folius. Further research is necessary to confirm its 
ecological suitability. 
The populations, in which intensive management is to be applied, 
should be inspected annually by an officer of the T.P.A.N.E.C. 
Flora Section. This officer should then advise the land owners 
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or managers with regard to whether or not the planned burn should 
be carried out or postponed. If this is not possible then the 
land owners or managers must be made aware of the following 
factors which will aid their decision: 
- if the build-up of moribund vegetation is such that a burn 
during a dangerous season (1 August to 30 September) will cause 
the death of seedlings and damage to adult plants, it should be 
carried out as soon as it is safe (1 April to 30 June), 
- if the moribund vegetation has not build up to a dangerous 




if it is found that there are plants carrying cones and/or 
there are seedlings with only a single leaf, the burn should be 
postponed until at least the following year, 
- if there is no evidence of sexual propagation, then the burn 
should take place as late as possible, but before 1 August. 
The above is simplified as a flow chart in Figure 3 below. 
If the burn has to be carried out and there is a danger of 
seedling mortality and damage to adult plants, the area 
immediately around each of the plants must be cleared. The 
clearing should be sufficient to allow the burn and secure the 
safety of the cycads. It is essential that close liaison is 
maintained between land owners with c:·. laevifolius populations on 
their property and the Flora Section of T.P.A.N.E.C., 
irrespective of who is taking the decision to burn or not. The 
latter organisation is responsible for, the threatened plants of 
the Transvaal and must, therefore, provide as much assistance as 
possible in this regard, to ensure the sound management of these 
populations. 
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Figure 3. A flow chart illustrating the factors that need to be 
considered when deciding whether to burn a ·population 
or a part of a population of E'r1cephalart'os laevi"folius. 
* The manager will have to make a decision with regard to when 
the danger level is reached as it depends on a number of 
factors. For example, the amount of personnel available to 
ensure the safety of adjacent plantations and other land use 
activities, and the topography of the area to be burnt. 
Legend: JACTIVITI ESj (DECISIONS) Steps of iterations ---------· 
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Although the above may seem quite clear and relatively easy to 
implement, it is essential to recall the concerns exp1-essed with 
regard to the survival of possible insect pollinators. As 
discussed in section 4.4.1. research still needs to be carried 
out in this regard. It is possible that a burning frequency of 
an average of three years may be detrimental to the survival of 
these important organisms. They may require up to ten years to 
regain the population size necessary to effect pollination. If 
this is the case then management by fire must be adapted 
accordingly. 
Up until this point in this report the recommendations which have 
been made have been sympathetic to the objectives of the timber 
growers, and possibly subject to the statement made by Harris 
(1981) as recorded in Chapter One. It is, therefore, at this 
point that one must ask the question, "are the Forestry Branch of 
the Department of Environment Affairs and other relevant land 
owners prepared to accept full responsibility for the successful 
conservation of this endangered species?". If they are, then 
they must accept the fact that it may be necessary to set areas 
within the natural populations of E. laevi'folius aside to 
research this aspect of insect pollination. This may require a 
series of different burning regimes which range from plots where 
fire is applied at increasingly greater intervals to at least one 
in which fire is completely excluded. This work will require 




co-ordinated by an entomologist and will have to be very well 
documented to ensure the continuity and success of this very 
important long term prbject. The Flora Section of the 
T.P.A.N.E.C. should initiate this project. 
5.5. ILLEGAL REMOVAL OF HABITAT PLANTS 
Of the causal factors which have resulted in this plant being 
classed as "endangered", the above is the most significant. The 
damage caused by the leopard moth and the pathogenic infection of 
the female cones does have a detrimental effect on the plants and 
the populations as a whole, but the plants remain intact and have 
the ability of recovering to regain their function within and 
value to the population. When t~ey are removed they leave a gap, 
the significance of which is inversely proportional to the size 
of the population. This is not to say that it may be acceptable 
to remove plants from the larger populations. The status of 
these cycads is such that a theft from any of the populations 
will have serious ramifications. Recommendations are made in the 
following section with regard to the ex situ propagation of these 
plants. It is, however, better to allow natural recruitment to 
take place through sexual propagation, and the chances of this 
occurring are directly proportional to the number of individuals 
in a population. It is, therefore, recommended that every effort 
is made to put a stop to· this practice. The following are 
recommendations which, if implemented, should achieve the latter. 
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They are discussed per level of legislation. 
i ) I.h.si ..... J ... n.t..si . .r..n9. . .t...i. . .R .. n9..l ....... l:::.si.v..si.1 ..... .CG.J.I.!;.$.J .. 
The percentage of countries submitting annual reports under 
the CITES agreement should be improved, and·these reports 
should be both complete and as accurate as possible. There 
should be co-ordination between conservation and law 
enforcement bodies at an international level. The attention 
given to the illegal collection and trad~ in cycads in 
general should be of the same magnitude as that recently 
given to the international trade in ivory. 
i i ) I..h.si ..... N.?. .. ti...9 . .IJ9..l .... l:::.siv.siJ ........ Lf..9 .. CSl.?..t ..... A.G..t.. .. .9.f ..... l9..$.4J .. 
The section of the Forest Act of 1984 which is applicable to 
protected trees should be transferred to the Provincial 
Ordinances. It should retain the authority of the Act, as 
the latter over rules an Ordinance. 
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i i i ) I..h.\$. .... P..r..9..Y.t. . .nG. .. t..9..l ...... b\?.Y.§J ........ .C..I.h.S\l ....... N .. 9. .. t..Y.. . .r.S?. ....... G..9.D.?..\?. . .t::.Y.9. .. t...t. .. 9..0 ....... Q ..r..9. .. t..n.9..nG..S?. ....... 9..f .. 
. t..b.si ..... .I..r..9. D..?..Y. 9..9.1 ....... .C+. .. f?. ...... .9..f ....... 19..f:1..;?.JJ .. 
In general, the Ordinances of each Province should be 
co-ordinated to ensure the maximum protection of all 
threatened and specially protected plants throughout the 
country. 
The penalty for a person found guilty of the collection 
and/or trade in cycads should be increased drastically. The 
amount payable should be in excess of that which can be 
obtained for the plants. The theft of plants from their 
natural habitat is far more severe a crime than that of the 
theft from a garden; the legislation presently acknowledges 
the reverse and this should be rectified. 
The Ordinance should be extended to make it illegal to 
possess cycads of any size without a valid permit. It 
presently caters only for adult cycads with the exception of 
E. humulis and E. cupidus, which remain small plants. 
Lavranos and Goode (1989) cite the case of E. cerinus, which 
shortly after it had been discovered and described, had 
nearly all the seedlings and juvenile plants temoved from 
the population. It is, therefore, essential that no 
distinction be made with regard to the age of cycads. A 
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valid receipt from a registered nursery will be sufficient as 
a permit for seed grown individuals, and thus should not 
hamper any legal trade. 
As a final recommendation with regard to the legislation 
pertaining to the protection of cycads and threatened plants in 
general; the bodies responsible for the enforcement of the 
legislation should be made as effective as possible. It is of no 
use to make changes to existing legislation if its enforcement is 
not ensured. There should be a marked increase in the number of 
personnel actively involved in putting a stop to these illegal 
activities, and they must receive sufficient remuneration so as 
to ensure that they will not accept bribes and will remain 
faithful to the cause. They must also have a full understanding 
of the ecological importance of the plants they are protecting. 
This should ensure job satisfaction and enable them to educate 
others. 
5.6. POPULATION ENHANCEMENT AND RE-ESTABLISHMENT 
Although there are areas where populations may be re-established, 
it is suggested that this option not be pursued. The safety of 
the plants cannot be guaranteed and it is, therefore not 
practical to put them at risk, as well as waste valuable time and 
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money. All efforts must be concentrated on the enhancement of 
the existing populations. The following are steps that should be 
followed to achieve the latter: 
- All populations should be monitored on a regular basis and 
mature cones should be harvested for their seed. 
The cones should be given to the L.B.G. where they will receive 
the necessary attention to prepare them for cultivation. 
- Seedlings that are propagated in the L.B.G. should be 
transplanted back into the population from which they were 
harvested when they are four to five years old. 
- At the risk of introducing different genetic material, 
seedlings from the stable populations should be planted into 
those which are not producing their own, (i.e. seedlings from 
the Kaapsehoop populations should be used to enhance the 
Mariepskop and Swaziland populations). 
- Plants that are confiscated from poachers should immediately be 
planted into the seed orchard at the L.B.G., unless their 
successful re-establishment.into the population from which they 
were removed can be guaranteed. 
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- Senescing stems should be removed to the L.B.G. where they 
must be treated in a fungicide bath and planted. The shoots 
that may develop should then be removed and planted out as 
separate plants. They should then be treated as if they were 
seedlings. 
- Plants uprooted by poachers but not removed from the population 
should receive the same treatment as the latter. 
In all of the above the guidelines of the experts referred to in 
section 4.6. must be followed closely. 
5 . 7 . THE FUTURE 0 F E.NCE.PH~L~I·? 7'05' L~E'V IFOL l"US' 
The definition of the status "endangered" is cited fully in 
Chapter One. Within the definition it states that if the causal 
factors, which have placed E. laevifolius in this category, are 
not curtailed, there is a danger of the plant becoming extinct. 
It was also stated in Chapter One that this report is intended to 
be a working document; that is, one in which the recommendations 
that have been made are feasible and should be implemented as 
soon as possible. Although one tends to lose heart when faced 
with the long procedures involved in changing legislation, 
whether on the international or provincial level, optimism must 




developments with regard to other endangered species such as the 
African Elephant and the Black Rhino. It will be unfortunate if 
the recommendations to make legislation more strict and the 
penalty for contravention more severe are not adhered to. An 
example has been set in the case of the Elephant and the Rhino, 
species which are probably not as endangered as most of our 
cycads, including E. laevi'folius. The removal of habitat plants 
could have massive impacts on the natural populations of this 
cycad before the entomologists and pathologists have found 
answers to the questions set for them. In other words, the 
recommendations listed above are not only feasible, but they 
require urgent attention if those involved in the research and 
conservation of our threatened flora want to contribute to the 
prevention of E. laevi'folius becoming extinct. 
Finally, it must be noted that all of the Tranvaal cycads are 
either classified as being rare or endangered. Some species, 
such as E. heenanii, £. dolomi ticus and E. d,verianus, are even 
more endangered than E. laevi'folius. It is, therefore, essential 
that the principles and avenues explored in this study be 
extended to other cycad species in South Africa, which are in 
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